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The fast advancement of rocket technology in the first 
operational phase of the space age has opened new horizons 
in the exploration of the neighboring celestial bodies by means 
of lunar and planetary probes. One of the outstanding events 
oan this respect has been the fiy=by mission of Mariner 1¥ on 9 ——— 
August Mth, 1965, which has provided the first close-up 
pictures of the planet Mars. Before this historic achievement 
of this new space-bound rocket astronomy, our knowledge about } 
its atmosphere and surface features had been gained by ground- 
based telescopic astronomy. And before the introduction of the 
telescope into astronomy by Galileo Galilei, 1610, this "wandering 


| 
star"--conspicuous because of its reddish color--was looked upon } 
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as an ominous sign throughout the Middle Ages, dating back to 
the ancient astrology of the Romans and Greeks who named it 
after their god Mars and Ares, respectively, the symbol of War. 
But Mars was also venerated as the patron god of agriculture. 
This generally not so well-known symbolic association with a 
peaceful occupation foreshadowed, so to speak, a modern aspect 
of Mars as a plant life-harboring planet, suggested by telescopic 
observations of dark bluish-green areas which cover about 30% 
of the otherwise ochre-reddish surface. Moreover, the famous 
report by Giovanni Schiaparelli, Milano, 1877, of his discovery 
of canali on Mars led Percival Lowell, Flagstaff, Arizona, 1906, 
Soa the assumption that there might -be-inteHigent-beings-on-thet—____—_—. 
planet. This belief is no longer held, but the possibility of 
some plant life on Mars has been the subject of many publica- 
tions, with pro and contra arguments during the past decades. 
The search for life on Mars is called Mars Biology; presently it 
plays the dominant role in the search for extraterrestrial life, 
variously termed Astrobiology, Cosmobiology, and Exobiology. 
Furthermore, with the fast development of astronautics 


during the past two decades, Mars is considered the first 
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postlunar planetary target for a manned landing mission. An 
evaluation of its environment from a human physiological or 
medical point of view, therefore, will become an important task 
of what we might call Martian Environmental Medicine, or briefly 
Mars Medicine, which can be regarded together with terrestrial 
environmental medicine, space medicine, lunar medicine, etc., 
as a subdivision of an all-embracing Cosmic Medicine. 

In the following paragraphs we shall take a new look upon 
the environment of Mars as we see it since the Mariner IV mis- 
sion, the results of which have opened new vistas, have con- 
firmed older theories, and require a revision of others. We shall 
concentrate essentially upon the biological question of general 
interest. 

Concerning the more specific medical problems connected 
with a manned landing mission, I would like to mention only that 
the life-supporting and life-protecting systems in a Martian Labora- 
tory are very similar to those required on the Moon. The main 
difference lies in the flight duration to the Moon and Mars. A 
flight to the Moon is no problem since it takes only about three 


days, but a flight to Mars based on an economic, i.e., minimum 
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energy trajectory, lasts more than eight months. This is medi- 
cally not acceptable. It is medically advisable to base a flight 
to Mars on a high energy trajectory to shorten the duration of 
the minimum energy trajectory to 30 to 20% of its time, which 
can be achieved by novel methods of propulsion. A minimum in 
time and an optimum in comfort is the medical prescription in 
order to achieve a maximum of success of any manned planetary 
landing mission. 

There is also a difference in the goal between a Lunar 
and Martian expedition. The tasks of selenonauts will be to 
explore the Moon and carry out, unhindered by an atmosphere, 

—stronomigal studies concerning the solar system. The explora-=—=—=SCS~S~S~*S 
tory efforts of the Martionauts will be concentrated essentially 
on the exploration of the Planet Mars itself. And, the main pur- 
pose of a manned Martian expedition will be the search for life 
on the planet's surface. 

General and Historical Interpretation of the Martian Surface. 
The generally accepted opinion is that the reddish areas are high- 
lands and the dark regions are lowlands. This seems to be con- 


firmed by the radio occultation measurements of Mariner IV, 
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according to which a certain reddish area named Electris is 
5 km higher than a dark region called Mare Acidalium. 

The dark areas, according to most observers show 
seasonal color changes from dark to bluish-green, to yellow- 
gold, to brown, and back to dark, which has been interpreted 
as an indication of green vegetation. 

But there are some arguments about the bluish-green 


color. To some observers they always appear dark gray. This 


can be accepted only if they have a medically tested normal 


color vision. We must remember that 7% of the male popula- 


tion is color defective, 
=— the bluish-green color is also considered to be avisual~—~SCS<CS;72SC?zSM 
contrast phenomenon against the ochre-reddish surroundings. 
Visual contrast effects certainly occur, especially if the areas 
are small, but the blue-green coloration of the large areas such 
as the Syrtis Major in all probability is real. This is also 
supported by the observation of C. Tombaugh, discoverer of 
Pluto, who noticed that certain areas occasionally look dark 
when others look green, despite the fact that both are surrounded 


by reddish areas. The final answer in this color dispute might 
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come from color photographs made by future fly-by probes. 
But green or not green, it is not decisive for life "to be or 
not to be" on Mars. 
Fifty years ago, Sv. Arrhenius, in Stockholm, advanced 
the theory that the dark areas are salt beds of dried-out oceans 
which react to changes in atmospheric humidity, and concluded 
that "Mars is indubitably a dead world." “But in the Dead Sea, 
which is an extraordinarily salty medium, numerous species 
of microorganisms (algae and bacteria, etc.) flourish there , 
abundantly. The Dead Sea, therefore, is not so dead at all, 
as it was believed. And the Red Planet might not be so dead, 
as well. 
The dark areas have also been explained as being deposits 
of volcanic ash blown over them by the prevailing winds, and 
the color changes have been attributed to reactions to seasonal | 
variations in humidity, or radiation. This, of course, does not 
exclude the possibility of life, because terrestrial bacteria-- | 
lichens and mosses--can grow on lava. Actually, bacteria can 
grow on practically any material, even in oil wells and jet fuel 


containers, as indicated by the new bacteriological branch, 
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petroleum bacteriology. 
There are some organic chemical interpretations of the 


dark areas which have made some impact upon the Martian life 
theory. Ten years ago spectroscopic absorption bands in the 


infrared, near 3.6 microns, were observed but only over the 


dark areas. This was considered to be an indication of the 
presence of organic molecules. But later it was found that they 
conform just as well with the absorption bands of certain in- 


organic molecules, particularly of heavy water (deuterium) . 


Spectroscopic studies of G. Kuiper in Tucson, Arizona, 
and of Tikhov, Alma Ata, Russia, and comparative polarimetric 


Studies of A. Dollfus, Paris, of the dark green areas on Mars 


and of terrestrial green: plants also favored the vegetation theory. 


And, last but not least, on Mars there occasionally are 
heavy dust storms, as was the case in 1956. The whole planet 
then appears reddish. But several weeks later the dark areas | 
reappear. This according to H. G. Oepik, can be explained only 
that the dark material must have regenerative power, which points 


to vegetation. So much about the visual, inorganic and organic 
interpretations of the so-called "maria." 
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Evaluation of the Martian Environment in Terms of Terres- 
trial Biology. There is one way to get some idea about the 
suitability of Mars as an abode of life by evaluating its environ- 
ment from the point of view of terrestrial biology, the only kind 
of life we know. It is based on carbon as the structure atom 
and on water as the solvent medium. To do this we must examine 
whether or not the fundamental biophilic chemicals, particularly 
oxygen, carbon, nitrogen, and water are present, and certain 
vitally important: energies such as thermal radiation are found 
there in the proper tolerable range and intensity. In order to 


qualify as a life-supporting environment, these chemical and 


physical factors must lie above the ecologically required mini- 
mum (law of the minimum, J. von Liebig), and should not exceed 
the permissible maximum. The minimum and maximum are the 
so-called cardinal points on which the ecological "law of 
limiting factors," (F. F. Blackman), is based. Beyond these 
two points life is still conceivable in a dormant state. It finds 
its terminus at the final cardinal point: the ultimum, 

In addition to the presence of life-supporting, biophile 


chemicals and energies, the occurrence of toxic ones must be 
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included in an ecoenvironmental analysis. All of these basic 
ecological criteria refer not only to the conditions in the wide 
open surface spaces (macroenvironment), but also particularly 
to those found in smaller locations such as craters, valleys, 
pores of the soil, etc., (microenvironment). 

We must also take into account the adaptive power of 
life to hostile environmental conditions by developing life- 
supporting and protecting mechanisms, and, last but not 
least, the influence of a biosphere upon the physicochemical 
environment. 

On a larger scale, in our examination of the possible 
existence of a biosphere on a planet, we must consider the 
various possible components of its physicochemical environ- 
mental profile such as the lithosphere (stony surface), hydro- 


sphere (water), atmosphere, gravisphere, magnetosphere, and 


extraplanetary factors such as solar and galactic radiation which 


have adirect or indirect influence upon a biosphere. But of 
immediate interest are the physicochemical conditions of the 
atmosphere and the surface, or the interface between these two 


environmental spheres since they are the actual habitats of life. 
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The inorganic material of the dark and reddish surface 
areas on Mars is considered to be the same as the result of 
very frequent and heavy dust storms. Iron oxides, limonite, 
and felsite are mentioned as the main constituents. They con- 
tain the basic elements of which life as we know it on Earth 
is composed. 

Barometric Pressure and Chemical Composition of the 
Atmosphere. The earlier estimations of the atmospheric pres- 
sure at ground level on Mars, based on spectrographic studies, 
ranged from 85 to 10 millibars. The occultation experiment of 
Mariner IV suggests a pressure of 10 to 7 millibars. If we 

——— tn RPaTTIS Bressure fi fu SHERSaTS ip tne Iawiangg 
this would be pressure equivalent to that of 30 km altitude in 
the Earth's atmosphere. 

Could microorganisms survive such low pressure? Recent 
experiments in space environmental simulators and in containers 
carried outside a spacecraft have shown that certain bacteria 
and particularly spores are resistant even to a vacuum. 


The atmospheric chemical composition includes carbon i 


dioxide, nitrogen, argon, water vapor, and traces of oxygen, 
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if any. Formerly nitrogen was considered the dominant con- 
stituent. Recent evaluations put carbon dioxide into the 
first place. 

That oxygen is practically absent in the Marlian etmos- 
phere is certainly a life-limiting but not excluding factor. It 
is true O2 is the “element of life" for most of the specimens 
of the plant and animal kingdom and for man, because their 
energy production is based on oxidation (oxybiosis). But there 
is also a large group of bacteria (anaerobic bacteria) which does 
not need oxygen at all, or is even sensitive to it (anoxybiosis). 
Their metabolism is regulated by enzymes; these anaerobes 

ne pg pn a Rt Rt ERR NR ARR AAR Rene 

way of life." But, if chlorophyl-bearing organisms should also 
exist on Mars they could produce their own oxygen photosynthe- 
tically and might store it in intercellular air spaces, similarly 
to those found in the leaves of terrestrial higher plants and 
within the structure of lichens and mosses. ~ 

Photosynthesis requires carbon dioxide and water. In 
the earth's atmosphere the carbon dioxide pressure. is 0.3 mm Hg; 


on Mars it might be ten times as high. The polar ice caps are 
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are now assumed to be a mixture of cry ice and water ice. A 
higher carbon dioxide concentration on Mers would be of advan- 
tage for the growth of vegetation since carbon dioxide in a 


higher range up to 15 mm Hg. increases photosynthetic activity. 


Beyond 20 mm Hg. it has an inhibiting effect upon this process. 


Water, the other basic raw material for photosynthesis, 
has some fundamental functions for life; it serves as the diluent 
of salt and organic substances and as a chemical reactant in 
cellular metabolism, and has been the matrix medium for the 
origin and evolution of life on Proto-earth. In the Martian 
atmosphere water vapor is extremely scarce. It amounts to 

r v r rovmras +1 

phere. But on earth there are a number of large deserts in which 
the air is just as dry, and yet botany knows of many so-called 
desert plants which are able to store water in their tissues and 
have developed membranes to prevent evaporation. For plant 
life most important is the humidity of the soil. If the barometric 
pressure is below 7.5 millibar, this is below the “triple point" 

h of water, i,e., H2O can exist only in the state of vapor and ice. 


But in the lowlands of Mars the air pressure might be around 
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be 
w 


10 mb, in this case it could occur also in the liquid state in 

the soil. The so-called "wave of darkening” moving from pole 

to pole in spring is an indication of soil moistening. | 
However, most of the time extreme dryness prevails on 

the Martian surface. But we have on earth microorganisms that 

can survive long periods of complete desiccation. From the 

point of view of hydroecology, life on Mars should be very 

limited, but it is not impossible. H 
The water problem is closely related to temperatire; 

with this we come to the life-supporting energies--first, 

thermal energy. The solar constant ot the mean orbital dis- 


ee | 


tenon of Merenisornnthan Scie OAS caLcm min Tewe 
allow 20% for absorption by the Martian atmosphere, then solar 
thermal irradiance at the surface of Mars at noon might still be 
about 0.6 cal cm72min7!. Exposed to this heat influx, the sur- 
face of Mars can reach, maximally, in the afternoon a tempere~ 
ture of +25°C. The dark areas are some 5°C warmer. During 
the night the temperature drops to a =60°C, and lower. The 


_ mean temperature is about 15°C lower than that on earth. 


In general, then, the Martian surface temperature is 
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ecologically adequate in summer ior about five hours each day, 


but all the other times it stays below the freezing point of water, 
@ condition which appears particularly prohibitive to life. Active 


life processes in terrestrial biology cease around ~10°C end 


mast organisms do not survive. But others enter a ‘dormant 
state (hibernation). Moreover, there are bacteria that can 
survive a temperature close to absolute zero. We know also 
thet terrestrial organisms have developed mechanisms to absorb 
more heat energy by accumulation of pigments, which makes them 
more tolerant to low temperatures. Protection against frost could 
be imagined if the Martian plants were able to produce some kind 
fact, some of our terrestrial lichens contain erythrol, which 
belongs to the same class of chemicals as glycerol. Recently 
it has been found that certain bacteria survive when experiment- 
ally exposed to a diurnal freeze-thaw cycl 

All this means that a biology on Mars during its cold nights 

turns always into ezyobislogy. However, locally there might be 
exceptions in the form of perma-warm spots on the surface simi- 


lar to those on earth, as for instance in Alaska, Wyoming, Iceland, 
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and New Zealand. There is no reason in terms of planetary 
analogy why similar perma-warm spots should not exist on 
Mars, possibly above dormant volcanos; they would not have 
the low night temperatures and, therefore, would have a 
higher ecological potential. Scanning the surface with heat 
sensors by future automated Martian orbiters may aaswer 
this question. 

Light is the next important ecological energy factor 
for life. But many microbes can get along without it, as 
Gemonstrated by those found in caves, pores of the soil, 
underground water, and in the deep sea. Chlorophyl-bearing 
buildup of organic matter. 

The minimum illuminance requirement for photosynthesis 
lies around 2,000 lux (lumen per square meter). Solar illumi- 
nance at the mean orbital distance of Mars amounts to 60,000 
lux, After penetration of the atmosphere at the surface of Mars 
{t might still be in the order of 30,000 to 40,000 lux. There 
should, therefore, be enough light daily for photosynthetic 


activity. Photoecologically the conditions on Mars are well 
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within the range of photosy7 


etic requirements. 


The low density of a 10-millibar atmosphere, as indi- 


ffective prot 


x-rays, it is argued; but we musi 


re sun is less than half of that of the 


earth's solar distance. Furthermore, & cestain amount of these 


logical research it is well-known thet ultraviolet rays, particularly 
in the range from 2500 to 2800 Angstroem are indeed very destruc- 


tive to 


most terrestrial microorganisms. For this reason hese 


planetary landers to prevent contamination and back contamination. 


But there are various degrees of resistance to ultraviolet reys, 
due to protective membranes, etc. Moreover, certain micro- 
organisms are even stimulated in growth when exposed to low 
intensity solar ultraviolet and x-rays. And, finally, it has been 
observed that microorganisms, plants, and animals are less 
susceptible to jonizing radiation under hypoxic and hypothermal 


conditions; this is particularly interesting with regard to Mars 
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with its oxygen-free and low temperature milieu. All in all, 
solar ultraviolet and x-radiation cannot be regarded as a life- 


excluding factor on Mars, pérciculer? 


n the somewhat protected 
microenvironments. 
Finally, eneraetic particle rays of soler and galactic 


origin are considered as possible adverse factors to life on 


Mars because they can reach its atmosphere unhindered by a 
magnetospheric shield. Sut beceuse of the greater distance 
from the sun the influx of particle rays of solar origin is cer- 
tainly lower and the so-called microenvironment provided by 
caves, craters, and fissures might offer effective protection. 
a a i a 
in terms of terrestrial ecology, I should like to emphasize that 
we cannot consider these various ecological factors separately; 
there are intérrelations insofar as one factor can moderate the 
destructive effect of another, as in the example of radiation 
tolerance under hypothermal and hypoxic conditions . Further- 
more, a biosphere as such can change the physicochemical 
properties of the atmosphere and of the soil, transforming the 


latter into humus, which is mineralized decayed organic matter, 
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: 
"making the soil more fertile for vegetation. Considering all of 
these factors and their interrelations, plus the more moderate 
micro-climate, plus the adaptive power of life, we must come to 
the conclusion that the prospects for Life on the Martian surface 
are more in the realm of srobability than of possibility. 

This conclusion is also supported by laboratory experi- 
ments in which most of the Martian environmental conditions 
are simulated, A numbor of bacteria and even some lower 
plants not only survive but multiply and continue to grow in 
such Mars chambers. 

In summary, most of the Mars researchers are in favor 

OF the Martian Life Theory ane a non-biological interpretation SSS 
of the color of the dark blue areas does not exclude the 
possibility of life. 

Nevertheless, after Mariner IV Mars’ pictures were 
released some doubt was raised. The most pessimistic arc’ - 
ment referre@to the dry, cratered surface of Mars with no 
visible water erosion, appearing more “Moonlike” than Earth- 
like. In this connection, I would like to discuss briefly a 


somewhat forgotten theory closely related to the water problem 


| 
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on the Martian surface. For this purpose we must take a deeper 
look below the surface of Mars, and a deeper look into its. 
planetary history. 

The present-day Mars indeed makes the impression of a 
“dried-out" planet. It has lost its ancient oceans into space, 
which is the generally accepted theory. But in 1910, A. Baumann, 
Zurich, suggested that the weters of Proto-Mars are now frozen 
and covered with solidified dust. Along the same line, H. E, 
Suess, 1957, Chicago, steted that "substantial quantities of 


water may be buried under dust and never become volatile at 


the low temperature of parts of the planet.” This frozen-ocean | 
i SO CO 

He theorized that there might be a subsurface ice layer 500 meters 

thick in the equatorial regions. Beneath this “frozen conglomerate," 

‘or"gry osphere," water might be found even in the liquid state due 

to an increase of temperature in the interior of Mars. And when 

cracks in the ice layer occur, caused by Marsquakes, water 

may reach the surface and produce localized giant clouds and 

white streaks of fog, lasting several days, as have been described 


by P. Lowell and £. C. Slipher, Flagstaff. White spots glittering 
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like ice have been observed in the equatorial regions by 
Saheki, Tokyo. More probable than quakes of volcanic origin, 


impacts by giant meteorites of asteroidel origin could be con- 


sidered as causes of craters and cracks in the soil-covered 


frozen hydrosphere, or hydrocryosohere. 


This essum becomes even more attractive if com- 


bined with another not so well-know! thesis. in 1937, 


P. A. M. Dirac advanced the hypot 


constant has decreased during the life of the solar system and 

continues to decrease. This has led to an expansion of the 

earth, causing “tension cracks" or fissures on land and at the 
ee 

and P. Jordan. The splitting of two giant original superconti- 

nents, Gondwanaland and Laurasia, about one billion years 

ago into several secondary continents, now widely separated 

by “continental drift," (A. Wegener), is attributed to this 

gravitational phenomenon. 

It is logical to assume that on Mars, too, this gravitational 
decrease has caused similar effects, namely volume expansion 


and tension cracks. With this planetary expansion tendency in 
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-the background, meteoritic impacts in addition to volcanic 
eruptions could have triggered fissures of tremendous lengths, 


particularly in a crust with on ice layer below. Tals threefold 


environmental combination: subsurface ice layer, planetary 


volume expansion, and meteoritic impacts might well have been 
the mechanism behind the scene o: tac dark spots callec oases 
and the dark linear markings or cenels which generally radiate 


from the dark spots over tremendous distences. 


The existence of a subsurface ice and water table on Mars 
would increase the humidity locally, 1.e-, in and around the 


meteoritic impact craters and in and along the fissures, making 


suitable for the growth of vegetation. 


Actually, it might be the soil's humicity and vegetation that make 
these areographic surface features visible to earth's based optical 
astronomy, in the first place. And, last but not least, 4 subsur- 
face ice layer, Or hydrocryosphere, on Mars would represent 6 
hidden reservoi? for continuously replacing the small water vapor 
amount in its atmosphere; without it, all of the water molecules 
might have disappeared into space in the course of millions of 


years. 
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Moreover, if there is a water layer below the ice layer, 


then in addition to the surface biosphere there could be & sud-~ 


uriace 


preserved from primordial steges cf evolution. After all -= Lf 
there should be life on the Martian surface, this would not be 
conceivabie lf there had not been open waters for its origin. 

By the way, from the point of view of Mars Medicine, or 
bioastronautics, a subsurface ice layer or hycrocryosphere 
would represent @ "gold mine,“ so to speex, logistically for 
a@ manned Martian expedition. 

All of this might be termed wishful thinking on the jart 

oF Astrobiology and Mars Medicine, especiany inthe igatcr SSS 
the close-up pictures of Mariner IV. Their initial interpretation 
was that the “visible Martian surface is extremely old and that 
neither a dense atmosphere nor oceans have been present on the 


ce the cratered surface wes formed. 


planet sin 
But later evaluations of Mariner IV photographs considered 

the surface of Mars to be only about 300 to 400 million years old, 

and led to the statement that “the crater density on Mars no longer 


precludes the possibility that liquid water and a denser atmosphere 
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were present on Mars during the first 3.5 billion years of its 
existence (£. Anders and Y. 2. Arnold). Thus, the tncient 


ocean theery might be correct after all; an 


it. might be thet 

some 300 to 500 million years ago Mars, eher it had lost most 

of its water into space, entered a permanent ice ege, and that 

the remaining frozen waters in the course of millions of years " 

became covered by a deep layer of Gust which became solidiiied 

and was bombarded by numerous asteroical meteorolds, staring 

with the disruption of Planet X, the matrix planet of the asteroids, 

some 300 million years ago. This might be the face of Mars that 

we see today. 

craters in some of the Mariner IV pictures, and a white spot with 

a dark spot at one side in picture 14 which looks like a big cloud 

casting a shadow below. I should like to mention that the promi- 

nent Mars experts, Tombaugh and deVaucouleurs, definitely 

recognized in several pictures near markings and cases which 

coincide with some known to them from telescopic observations. 
As mentioned eaciier, the reddish areas are assumed to be 


highlands, the continents of ancient times. The dark regions, 
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then, are the lowlands covering the low-level remnants of the 


ancient and now frozon ers. It is only logical to assume 
that the Gark lowlands have « higher soil humidity cus to th 
undarcround ice table and thus offer an ecologically more 
favorable substratum for the existence of a Martian biosphere. 
But most of this is still speculation. What we need now 
is exploration on the spot. In the years shead automated life- 
detecting devices will be scnt to Mars for acquisition anc 
analysis of soil samples and to telemeter the data back to earth. 
But the final answer concerning a Mertian biosphere might come 
from a manned expedition. Only Martionauts, protected by 
in 
be able to select different surface areas and bring back semples 
to its research laboratory and later to earth. Only they will be 
abie to take a deep-and close look at rock formations in fissures 
and craters which might give us some information about thi 
paleological evolution of life on Mars. 
If the answer is: No life on Mers and never has been -- 


this would give the explorers a unique opportunity to study the 


chemistry of a virgin planet of the terrestrial group. If the 
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enswor is: Yes--then we would be interested to know if 
the Martian life is similar to that on earth, based on cerbon 
biolosy, or of a completely different kind unknown to us. 
But, wherees the assumption of extracerbonic life ts at 


present & matter of pure speculation, there are strong indica- 


tions for the possible existence of life of the terrestrl. ype 
suggested by the older and supported by the latsst astro- 
nomical findings and their ecobiological evaluations. 

If some day this should be confirmed by future astro- 
nautical advances and the question of extraterrestrial life 


should be answered in a positive sense--and the answer may 


io— bet Scinating 


new horizon for biological science and philosophy in th 


history of mankind. 
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The extraordinary nature of the problems with which the life sciences are faced 
in manned space flight is distinguished by the following features: 

1, The environment in space is characterized by the absence of a life-supporting, 
life-protecting, and flight-supporting atmosphere. 

2. To travel through such a vacuum environment requires a sealed cabin, a syn- 
thetic little earth with an artificial atmosphere, surrounded by a hull having life- 
protecting capabilities with regard to radiations and meteorites. 

3. The astronauts occupying this isolated island in space represent, psychologi- 
cally, a world of their own. 

4. The physical environments on the target celestial bodies are qualitatively and 
quantitatively different from that of the astronauts’ home planet, the Earth, which 
requires special biotechnical measures for their survival. 

} 5. They may discover on target celestial bodies another living world with « 
strange, exotic flora and fauna, which may pose important problems of useful and 
harmful biotic interrelations, such as contamination. 

6. During the larger part of the space flight trajectory, the vehicle itself behaves 
like a celestial body following the laws of celestial mechanics. This condition, and 
The TraMsTormation of an cathy machine sto a celestial body and is etranstor a 
mation into an aerodynamic vehicle, and also the gravities found on the targets, 
such as the Moon and Mars, subject the astronaut, who is basically a 1-g creature, 
to a large spectrum of G-forces froni zero to multiples of one g. 

‘These are briefly the striking novelties the life sciences are confronted with in 
this space age. 

For that branch of the life sciences which is concerned with the human factor in 
space flight and on the target celestial bodies, the terms space medicine or cosmic 
medicine have come into use. Astrobiology is reserved to that field which studies 
the problem of indigenous life on other celestial bodies. 


I. Space Medicine 

If medicine is the science and art of preserving and restoring health. space 
medicine is the science and art of preserving man’s health in space. This is perhaps 
the greatest challenge to medicine in its entire history. By and large, the space 
medical problems arise from the environmental conditions outside the space cabin, 
from those inside the cabin, from the process of movement of the vehicle to, 
through, and return from the environment of space or, in brief, from its motion 
dynamics, and from factors inside man himself; i.c., his psychophysiologic nature. 
Some of these problems overlap; between some of them are interrelations. Most of 


671 


Page 0: 


Husertus SrruGHoLD 


14 cRiTiga. t8eE } 


SHSARITICRE LOAE 


fron 


» 


Fig. 1. Atmospheric zones considered: from a 


medical point of view. : i 

Q Po 
them put space medicine into the category of enw onmental medicine. Bur the 
cooperation with space technology in designing life-supporting equipment and the 
prevention of hazards on launching sites gives it the character of ind ustrial medi 
cine, 

Now. it is impossible to survey in this paper the whole complex scope of the 
space medical problems; instead, T have to confine myself to some basic remarks, 
critical areas, present status, and futtae prospects al manned spaceflight. 

11 is the first task of space medicine to evaluate ecologically the environment of 

space in its basic structure, and especially in ity regional and temporal variations. 
This leads to a kind of ecological “geography” of space, more precisely called 
spatingraphy, Such # spatiographic study nrust iriclude the earth's atmosphere in 
order to determine where above the ¢arth’s surface space actually begins. 
From a medical point of view: the first 4000 in abov the earth's surface représent 
mash i m to’ 7 km can be re 
arded ag subcritical; from 7 km on itas dans 
detertnining factors for both of these zones are hyposia and anoxia. But a new 
pathophysiological effect at 20 km, namely “boiling” of body fluids or ebullisni 
enters the picture aud makes the atmosphere @ supercritical one, because it produces 
the same pathological symptoms as a vacuum. For all practical purposes the 
atmosphere is ‘naw space-equivalent as. far as its physiological pressure functions 
are concerned. 

Vehicles flying in. these altitudes may-be tec nically aircraft, but physiologically 
they are aerospace craft and their flights are of the space-cquivalent type. With, 
Increasing altitude, with the cessation of scattering of light and. propagation of 
sound, and with the gradual appearance of the whole electromagnetic. radiation 
spectrimn of the Sun, of particle rays in their primary form, and of meteorites, the 
environment, although still atmospheric, becomes more and more space-equivalent 
until with the disappearance of air resistance at about 200 km the environmental 
picture of space is practically complete. 

The medical evaluation of this trac space beyond the mechanical border of 
the atmosphere, where the Kepler regime begins, has to concentrate upon. the re- 
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Table I, Solar Irradiance at the Mean Distance of Planets. 


Planet Mean Solar Intensity Total Tluminance 
Distance Factor Irradiance tax 
10%m cal em min’* 
Mercury 57.9 6.67 13.3 935000 
Venus 108.2 191 38 267000 
Earth 9.6 1.90 20 140000 
Mars 227.9 O43 0.86 60500 
Jupiter 778.3 0.0369 0.074 5170 
Saturn 1428 O.0LL0 0.022 1530 
Uranus 2872 0.0027 0.0054 380 
Neptune 495 O.0OTLT O22 155 
Pha Sone 0.00064 0.0013 0 


gional and temporal variations as they are found essentially in the radiation cli- 
mate, because their knowledge is decisive for choosing the safest routes and times 
for the various space operations. They even set definite limitations to manned space 
flight. Presently the arena for manned satellite flight will have to be confined to 
the region from 200 to 800 km, the inner border of the inner zone of Van Allen's 
radiation belt and to the latitudes 40° north and south. 

Only low orbits, as we might call orbits below the radiation belt, are relatively safe 
for manned flight. Medium orbits which cover the whole great radiation belt from 
800 km to 80000 km are too hazardous, and presently prohibitive, and the high 


to make definite statements as to what degree of shielding will be required for pro- 
tection from the basic particle ray flux and especially from those particles wapped 
and concentrated in the earth's magnetic field. The same is true concerning the 
jet streams of solar plasma ejected from the Sun, especially during solar eruptions, 
I would like, therefore, to confine myself to the statement that the radiation dosis 
inside the cabin has to be kept below the maximum permissible level which is de- 
termined by a significant heaith or performance decrement. 

A medical evaluation of the topographical distribution of the high energy parti- 
cles and their temporal fluctuations is an important but difficult task of an ecologi- 
cal spatiography. The same task is somewhat simpler with regard to solar electro- 
magnetic radiation as its intensity distribution follows a fixed pattern; namely, the 
inverse square of the distance law. Because of this, we find tremendous variations 
within the solar system. High intensities may be harmful for manned space flight 
on the one hand, and moderate intensities may be put to use on the other. Table I 
shows the total solar irradiance, expressed in cal cm? mine’, in the third column, 
and solar illuminance, expressed in lumen per m* or lux, for the mean distances 
of the various planets from Mercury to Pluto. Fig. 2 covers the range from Mer- 
cury to Mars in intervals of 20 million km. 

Using the values at the Earth’s distance as a base line. we find that their intensity 
factor for total irradiance and illuminance nearly doubles at the orbital distance 
of Venus, and at the mean orbital distance of Mercury it is more than six times as 
high. At the distance of Mars it decreases to less than one-half; at Jupiter's distance 
to one twenty-seventh, and in the remote region of Pluto the intensity drops to one 
sixteenhundredth of the terrestrial value. 
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Fig. 2. Solar irradiance. within the-range from Mereury to Mars, showing solar illuminance 
(above) and total solar irradiance (below). 


In the first place, we think of heat radiation in connection with the temperature 
control of the space cabin. Heat transfer in space, of course, is achieved only by 
yadiation. 

We immediately recognize that there is a zone in our solar system in-which heat 
radiation is not too different from that at the carth’s distance (solar constant) and, 
therefore, not too hostile to space operations, On both sides of this zone, however,’ 
jt turns to extremes. We can, therefore, differentiate between an euthermal zone. 
(frony Venus to somewhere beyond Mars} adjoined by a hyperthermal anda hypo- 
thermal region. 

The space medical conclusions from these extreme variations in solar thermal 

i i rol 
whether a space operation is planned into the furnace-like radiation conditions 
within the orbit of Venus, or into the sparsely irradiated ehvirovment beyond Mars 
or Jupiter. The temperatures measured within the shell of the Explorer and Van- 
guard satellites were well within the physiologically tolerable range; around 25°C. 
But.a space ship penetrating the intramercurian space would inevitably run into a 
kind of solar heat barrier, as symbolized by the legendary flight of Tcarus; and a 
trip into the region of the outer planets requires temperature control measures very 
different from those in the realm of the inner planets. 

We find a similar zonal pattern’ in solar light irradiation, ot solar illuminance. 
And, again, we might speak of a euphotic belt some 100 million km on both sides 
of the earth’s otbit, adjoined by a hyperphotic and hypophotic zone. 

This zonal pattern in the photic environment of space, has significance in two 
regpects: with regard to vision and to the utilization of light in photosynthetic 
recycling of metabolic material in the closed ecological system of the space cabin, 

With regard to the latter problem, solar illuminance drops with increasing dis- 
tance from the sun below the effective minimum required for photosynthesis, and 
this limit thay be reached somewhere in the region of the belt of the asteroids. 

Conceming vision, I would like to mention only that looking into the sun can 
produce retinal burns in a relatively short time —— less than 10. sec — anid that the 
yetina-burning power of the swi might extend as far as Saturn. These conditions 
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necessitate protective measures for the eye in the form of automatically functioning 
light-absorbing glasses. 

Concerning ultraviolet and x-rays in space, not enough physical data are avail- 
at present fora biophy uation. 

The best indicators for the regional differences in total solar radiation are the 
comets which, hibernating as icy mountains of dirt, frozen water, ammonia and 
methane (F, Whipple), come to life by displaying gigantic tails as soon as they 
come closer than three astronomical units to the sun. 

Thus, we find only in the region from Venus to somewhere beyond Mars a zone 
in which solar radiation is not too different from that found on earth and which is 
more sul or space operations without excessive protection requirements. 

Finally, collisions with meteorites and micrometeorites seem to be not too great a 
problem as indicated by recordings in satellites; but there are also meteor streams 
moving in former orbits of disintegrated comets and probably greater concentra- 
tions of meteoric material in the belt of the asteroids. For extended space operations 
meteor bumpers (F, Whipple) are indicated which might be combined with 
shielding devices against radiations. 

All of this demonstrates clearly that, for the purpose of manned space flight, 
we need a geographic approach in the medical evaluation of the environment of 
space or, in other words, an ecological space map or a spatiography. Spatiography 
of course, refers only to the space between the celestial bodies, The description of 
the conditions found on these celestial bodies is called planetography. Both spatio- 
graphy and planetography are parts of an all-embracing cosmography of our solar 
system. 

A few comments on the most probable target celestial bodies: On the Moon, 
space with practically all its properties immediately touches the ground, On the 
moon's surface there is ecologically a true space environment 

The Martian atmosphere shows at ground level the same (Fig. 3) pressure con- 
ditions as our atmosphere at about 16 km. It must, therefore, be characterized as a 
critical atmosphere for man. It becomes supercritical, as manifested in the occur- 
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rence of ebuilism, at.an altitnde of 3.5 km which correspinds to 20 km in our atmo- 
Jere. Lhe atmospheric environment on, Mars therefore. is space-equivalent very 
close to.its surface. 

"Fo sustain human jife on Mars and, of course, on the moor requires a sealed 
compartment of the same typeas in space itself, 

The developnient of effective intracabin life-supporting systems is a conditio 
sine qua non for the realization of space flight just the same as the provision of 
protective capabilities of the cabin’s shell against the surrounding vacuwn, radi- 
ations, and meteorites which I have already mentioned. 

Because of lack of time; I cannot discuss some general vital ecological factors in 
the cabin’s environment, such as temperature, pressure and composition of air, 
control of humidity, and of odor; fhstead, I would like t6 make only a few remarks 
about the respiratory and nutritional metabolic side of the vital necessities in space 
flight and their proctirement. 

‘To supply the respiratory requirements the following methods are available of 
conceivable, First, replacement of the consumed oxygen from storage tanks and 
climination of carbon dioxide by chemical absorbents and storage ‘of the absorbers. 
‘This storage method is the measure of regeneration of the cabin’s air for-short-timne 
space operations, up to perhaps twe months, Beyond this duration, the logistic dil 
ficulties become prohibitive, when we consider that for such a period an oxygen 

d be required, and more than. this amount for 


one year. Beyond this.time esp 
all vital necessities: air, 
payload capabilities of rockets. The methed of choice, then, is biological recycling, 


As we sev it in free nature in the biotic relationship between animals and plants: in 


the process of photosynthesis, found in al] chlorophyli-bearing vegetation, In this 
process carbon dioxide is consurn and oxygen is produced —. th e of 
respiration. Algaé in a nutrient solution are used as photosynthetic gas exchangers 
in laboratory experiments. With one-and one-half pounds of algae we cam meet the 
respiratory requirements of one man. But in photos 3 carbohydrates are also 
produced, thus providing material for nutrition. Thus pbotosynthetic-recycling 
offers the possibility to include in addition 10 carbon dioxide and water all body 
wastes. With such total recycling we can achieve a true closed ecelagical system. 
Figure 4 shows the daily metabolic turnover of a “standard man,” It can serveras 3 
guide-for the estimation of the vital requirements for any astronautic journey. But 
Since photosynthesis requires light, and miost probably solar Tight will be a 


ed, 
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itis a sun-de pendent closed ecological system. However, as already mentioned, solar 
illuminance drops. bolow the effective minimum required far photosynthesis some- 
where néar the belt.of che asteroids, The production of its own light by a nuclear 
power plant, then, will make che vehicle a sun-independent or an autark closed 
vcolegical system. Such will be the various phases in the development and utilization 
of the intracabin life-supporting systems. 

The groundwork in developing these systems has to be done it: the laboratory. 
A basic research tool for this purpose is the space cabin simulator —~ a completely 
amber in which: the changes. of the intracabin climate caused by the 
ce of o¢cupants are recorded and controlled, Photosynthetic gas exchangers 
are being developed using algae of various types such as chlorella, anacyslis, etc. 
They are connected with animals containing chambers, thus forming a closed 
ecological system, ‘The space cabin simulators also permit the study of the reactions 
of the oceupants to continement and isolation, and observations about day-night 
eveling, Experiments in a 2-than space cabin simulator over a period of one month 
ate now a matter of routine and: have given us indispensable information for the 
preparation of men for actual space flight. These space cabin simulators are, of 
course, also useful tools in tie selection and training program for prospective 
ASTTONAUTS. 

We. cannot, of course, simmlate all the space flight conditions in the lahorato: 
out instance is dynamic weightlessness. This condition has to be produced in actual 
flight maneuyers, The effect al dynamic weightlessness pon man —- for a period 
wp to oue minute -~-- is well known. To. what degree it is justified to make human 
physiological extrapolations: from animal experiments in suborbital rocket flight 
and orbital (ight vemains an open question until longer-lasting experiments by 
anan himself has given us more information in this respect. 

Valuable data have been obtained by a prolonged submersion in water, in which 


Graveline (Aerospace Medical Center, Brooks A.F.B stayed fora full 
week submerged in water with only 1 hour per day intermission. One outstanding 
symptom of this experiment was that with every day during this hour outside the 
water be felt weaker and was eager to. get back into the tank. The hypodynamic 
condition produced his physical weakness bui he stayed mentally alert. A hypo- 
dynamic effect of course, can be expected in. true weightessness:and adequate and 
even enjoyable methads for exercise to prevent this minist be applied. 

Another conspicuous symptom was that the subject needed only 14 hours of 
sleep per day. This opens new aspects concerning cycling of sleep, rest, and activity 
of the astronaut and sheds some new light upon the validity of the various sleep 
theori 

Another 3 


maiter, not so much discussed, is that of blood pressure during 


rtievel, at the 


y is : 
‘vel of the b of the skull, arid in the eye, 
considering the “G" spectram {rom zero to‘Sg. Figure 5 shows the pertinent values 
of the blood pressure pattern ofa man in a sitting position on earth, on Mars, on 
the moon, and ii the weightless state. We must expect with decreasing gravity a 
teniporary increase of blood pressure in the upper part of the body, With decrease 
and absence of hydrostatic: pressure the blood pressure is more and more evenly 
distributed over the whole circulatory system, similarly as obscrved.on earth only 
while in the hotizontal-position, What physiological effect this blood pressure shift 
might have, after days oc weeks, isa matter of space-medical interest, But in the 
background -of all zero gravity studi sull the question of its general tolerability 
over longer periods of time, Tf this should nor be the case then we must provide for 
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ial gravitation by rotation in order to achieve some level of gravitational 
tion of life in the cabin. And the most Jogical “G* value. would be the. 
gravity of the target celestial body, ic, 17% of one g for a trip to the moon and 
37% of one g fora Martian joumncy. 

So far, L have discussed some basic space-medical problems and stadies centered. 
around the space environment, biodynamics and experiinentation in the Jaboraiory. 
The question arises: Can space medicine give effective support to the realization 
of all the many space projects proposed by technology? Where do wo stand today 
jn actual medical space activities.and. what are the prospects in this respect for the 
futur 

Table II gives you a survey of the present and possible future basic phases of 
aanned flights and their medical characteristics: atmospheric flight, space-oguina- 


Table 1, Present and Friure Basic Stages of Human Flight. 


_ L Il Il WwW. 
Classification — Atmospheric Space Satellite Lunar, Interplanetary; 
i Equivalent flight Planetary expeditions 
ant 
StatusofVehicle Airplane — Aerospace Craft Satellite Space Ship 


Rockei-glider 
Characteristics: 

Environinent ‘Troposphere, — Space- Nearby Deep space, 
lower strato- equivalent space Interplanetary space 
sphere regions of the 

atmosphere 
Dynamics Acrotlyriamles Acrothermo- Celestial stial mechanics 
ynarttics, mechanics 
ballistics 
Speed or Subsonic, Supersonic, Orbital Escape velocity 
Velocity supersonic hypersonic velocity 
speeds speeds 
Gravitational Normal Subgravity Zerogravity — Zerogsavity 
Condition gravity zerograsity 
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Fig. 6, Genealogical Family Tree of Jet 
Aircraft, Rockets and Space Vehicles. 
lent flight within the atmosphere (above 2 20 km), satellite flight (ears 200 0 kam), 
and lunar, interplanetary, and planetary expeditions. 

Fig. 6 shows a corresponding genealogical family tree of jet aircraft, rockets, 
probes, and space vehicles, All of the unmanued devices.on the left side of this tree 
have been achieved by space technology with the exception of planetary probes. 
How about the medicobiological participation in space operations? 

Concerning animal experimenis, there has been considerable progréss during 
the past 9 years, as evidenced. by a great number of suborbital flights with mice, 
monkeys, dogs, and rabbits in the United States and Russia. These ballistic. dips 


ber 1957 and two other dogs with subsequent recove: . 

Goncerning man’s advance on. our vertical frontier, the record balloon flight of 
Lt. Colonel David G. Simons up to 30 km in 1957, and the flight of Captain I. 
Kincheloe in a rocket-powered plane up to 38 km in 1956 and that.of Major R. 
White up to41.km in 1960 in the U.S.A. were, to‘a high degree, flights of the space- 
equivalent type. More extended suborbital flights are in preparation with rocket- 
powered winged vehicles, and the first phase of true space flight in a satellite seems 
to be not too far off. 

Such is the state of affairs in the penetration of space with biological specimens 
~~ man aud animals. 

What can we expect in the /uiure? Are all the plans and projects proposed in 
the astronautical literature, including those that go. far beyond the solar system; 
realizable from a medical point of view? Some of the projects are sound and are 
indeed a unique challenge for space technology and space medicine, but there are 
also: definite limitations from the viewpoint of the physician. After more than 10 
years of theoretical anc experimental. studies, space medicine can-make and indeed 
ig obliged to make, definite statements in this respect in the interest of the safety of 
the.astronaut, and also to avoid devious projects in the space programs. 

In the following we shall put the accent upon the limitations which reflect, of 
course, the medically acceptable possibilities. I have. already mentioned certain 
limitations brought about by the enormous variations in the radiation environment 
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of space and in the environinent on the celestial bodies. At ihis poitit Jwould like 
1 single out the tine factor or the duration of exténded space operations, which 
related to velocity, which by itself can become a limiting factor. 

Most of the interplanetary space and phinctary projects involve considerable 
duyations ii baséd on minimum energy. ajectories. A flight to the Moon and 
yeiurn in this way is a matter of less than. a we: would probably not pose 
insurmountable medical problems. A ilight to Mais, based on 3 low energy orb’ 
however, requires a time of more than eight mouths. The exp os gained in 
space cabin simulators indicate that flights of such durations in a waled compat 
gnent under the conditions of confinement and isolation might meet with. diffi- 
culties, ‘They arise, essentially, fiom the necessity to recycle the total env 
and from the psychophysiological nature of the haman creature, The 
thortening of the duration of interplanctary missions to medically sccey 
magnitudes must be strived for by suitable propulsion methods, w! ich might include 
higher initial velocity, additional brief Gr even continuous slight aceeleration during 
the joumey, The formula —- minimuin time orbit versus minimum enetgy orbit 
shoukl be regarded as a “phisician's prescription” 1o astronauties. The size-of the 
cabin and the comfort that can be offered to the astronaws, of corinse, play an 
important rolein this matter. 

Continuous slight acceleration, if it can be mdintained long cnough, leads to very 
high yeloci ultimately approaching the speed. of light. But not every velocity 
envisioned for interstellar Might. is acceptable From # medical point of view hecause 
velocities in higher fractions of the speed of light can become a limiting factor: bya 
motion-induced intensification of certain hazards. of the space environment (in- 
creased collision energy of meteoritic naterial, dust and high energy particles). 
‘This may make interstellar flight highly problematic even though inters ellar matter 
is much less dense than interplanetary matter, The operational range will for an 
indefinite period almost with certainty be confined to the celestial bodies of our 
home solar system. But even this more modest goal, even if limited to the neigh- 
boring celestial bodies —- Moon, Mars - will be one.of the greatest 
achieventents in human history. In addition, it may open new horizons to the. hio- 
logical sciences: This leads us to the second part of this paper: astrobiology. 


I. Astrobiology 


known to us, in all i 


forms, functions and phenomena, and 1 
Astrobiology extends such thinking to other celestial bodies such as the plais 
theis: moons, It isa fruitful combination of astronomy and biology. 

Since, as yet, we do not know anything about creatures on other celestial bodies, 
the ecological aspect is presently the only one on which astrobiological studies can 
be based. The term astrobiology appeared for the first time as the title of a book 
written in 1953 by G. ‘Tikhov, in Russia, and in the same yearappea red in the test 
of a book by H. Strughold.. Again, in 18 7, it was the title of a book of Pereita, 
Brazil. Actually this line of thinking goes back almost a centiry, initiated by a report 
written by G. Schiaparelliin 1887 about Seanali™ or Mans. Since then several bouks 
have appeared about life on other planets. 

The sapid- development of rocketry in the past 10 years has given a qvemendous 
impetus to the problem of life on other worlds, in addition to the specific questions 
as to what kind of environment an astronaut would find on the moon and the 
planets with regard to his own surviv al, which we have already touched upon, 

Astrobiological considérations can be based: (a) oi the assumption of the kind 
of life: known to us based on carbon as the basic structural atom and on oxygen as 


and 
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the basic etergy-liberating atom, or (h} on the assumption of other forms and 
processes of fife umknown to us and based on: other elements; for instance, silicon 
as the fundamental structural atom. This extracarbonic biology is beyond the scope 
of this discussion. 

studies in astrobiology include theoretical cansiderations, visual observ 
spectrographic analysis, and experimentation. 

Fist, in theoretical studics, the application of certain basic ecological principles 
and concepts have brought some order into astrobiological thinking. By applying 
the well-known ecological cardinal points, such as the minimum, optimum, and the 
maximum, or the principle of limiting factors, with regard to certain vitally im- 
portant environmental components, such as temperature, light, presence of wat 
carbon dioxide, and oxygen, we arrive.at a conation of the ecological picture of our 
planetary system: an analogy to the climatic zonation on earth. Such.an attempt, 
of course, is valid only for carhon-based biology of the type known to us. 

Ta the first place, it is’solar radiation which has a de ¢ effect upon the ecolo~ 
gical qualities of the planets, More in detail, beginning with sem perature, we have 
already defined a euthermal belt adjoined by a byperthermal and hypathermal 
region in interplanetary space from the point of view of space operations, This 
consideration applies, of course, also to the conditions.on the planets, Venus t 
in the hot, Mars ih the cold border gone, and. Barth in the golden middle of this 
¢uthemial or biotemperature belt. Jupiter, Saturn, Uranus, Neptune, and. Phito 
move in the remote hypothermal region and are, so to speak, pennafrost planets. 

‘This thermal-aspect immediately Jeads to the question of the presence of water 
‘on the planets in its biologically useable, riamnely liquid, form, Harlow Shapley 
spédiks of a liquid water beét in the planetary system which includes the Earth and, 
swith some reservations, Mars and. Venus. 

Similarly as inthe case of heat radiation we subdi 


ided space with regard to solar 
uwards can be regarded 


as highly hyperphotic and those be 
-them may be considered as euphotic, at bio phatic 

The astrobidlogical significance of the wltravivler section of solar radiation is 
evidenced by its effect upon the chemistry-of the planetary atmaspheres. To under- 
“stand this we have to. consider the historic development of the planetary atmo- 
spheres and the. evolution of their chemo-ecological qualities which leads us into 
the field of pateo-astrobiology. According to H. Urey, G. Kuiper, and others, at 
| protoplanetary tines, sotne two billion years ago, al] planetary atmospheres had. 
about the same’ chemical composition: hydrogen and hydrogen compounds like 
“ammonia, methane, and water, In the course of millions of years under the photo- 
chemical effect of ultraviolet of solar radiation, these reducing proto-atmospheres 
have been transformed into atmospheres containing free oxygen and/or oxygen 
“gompounds, but only in the range from Venus to Mais, We know that with regard 
to-the earth the appearance of green plants (algae) some 1.5 billion years ago, 
‘through photosynthesis, pl: an even greater role int the oxidation of its atmos- 
phere, Be that as it may, the aforementioned plancts form an oxygen belt in- the 
planetary system with the Earth as the exemplary oxygen planet whereas Mercury, 
 Veniss, and. Mars apparently Jost this bioclement due to high temperature or low 
_pravity or by both. 
© The outer planets, due to their orbiting beyond the effective reach of solar ulera~ 
jolet arid their high, gravitics, have preserved their proto-atmospheric chemical 
composition up-to the present. They form a hydrogen belt of the primordial brand 
in the planetary system. They are still proto-aumospheres. 

This general ecological consideration of the effects and spatial efficiency of solar 
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Fig. 7: The ecosphere in the planetary 
system, ny URETER 


electromagneti¢ radiation demonstrates the existence of a zone containing a group 
of planets philic in various respects. Tt is the “ecosphere” in the planetary 
system, or helio-ecosphere. This ecological belt (Fig, 7), or the region of the golden 
orbits, is a relatively narrow zone and. represents not more than 4% of the whole 
range from the sun to Plato. In this belt total solar irradiance ranges from roughly 
4 to 0.5 cal cm min“ and solar luminance from 300.000 to 40. 000 lux. For com- 
parison, the corresponding valucs on the earth's surface reach, maximally, 1.4 cal 
emcmin and 100 000 hus, respectively. The concept of the ecosphere, also referred. 
to ag habitable zone, ‘has been applied to other stars recently (J: Gadomski, and 
others). 


{ considerations it 


planets. 
On the outer planets microorganisms, such as hydrogen bacteria, methane hac- 


teria, cte., are conceivably just the same as in the terrestrial proto-atmosphere. if 
the temperatuit on the sutface is within physiological limits 

Of the ccospheric planets, Venus, constantly and completely covered with dense 
clouds, probably consisting of carbon dioxide crystals, is wrapped in. mystery con- 
cerning its surface features. The thermal environment on this planet might. be on 
the hot side due to its neamess to the sun, and a “greenhouse” effect in its carbon, 
dioxide-enriched atmosphere 

The Martian atmosphere is rather transparent and permits observation of the 
planet's surface. Because of thi Mars is the favored planet for astrobiological 
discussions and has been so since Schiaparelli’s description of canali and the obser- 
vation of dark green areas which show seasonal color changes of the kind we 
observe in terrestrial plants. They have recently again become the subject.of inten- 
sified studies with the improvement of spectrographic techniques and the possibility 
of transatmospheric observations from balloons. 
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There are three theories concerning these dark green areas on Mars: 

(1) the organic or vegetation theory, 

(2) the inorganic theory explaining them as the result of either volcanic erup- 
tions (P. McLaughlin), or of color changes of some hygroscopic inorganic material 
caused hy variations of the soil’s humidity (8. A. Arhenius), 

(3) the physiological optical theory which explains the green color as.a contrast 
‘phenomenon against the ycllow-red surfoundings. 

Tn the following I shall confine myself to those theories which involve biological 
or physiological aspects, 

Concerning the vegetation theory, we must consider the following climatic data: 
oxygen is present of Mars only in traces; the carbon dioxide pressure is considerably : 
higher than on Earth, and nitrogen is in abundance. Water, however, is very scarce. i 
The light intensity is about 40 per cent ofthat on earth, high enough for photo- \ 
synthesis of the kind we know. The amplitude of the day-night temperature vari- i 

“ations in the equatorial regions can exceed’ 70°C. During the day the temperature 
‘o can reach 25°C, but drops during the night to—t5°C and lower 
In general, then, the physical conditions are, in terms of terrestrial botany 
(oo umely severe with the exception, of sufficient carbon dioxide:and light and 

“temperatures during the day. 

Such conditions could, according to terrestrial, standard 

“hardy aiid cold-resistant organisms. 

But we rast consider not only the climate as a whole, but also the so-called mi- 
croclimate near, on, and below the grourid, influenced by surface and sub-surface 
features, snow coverings, hollows, caves, eic., which usually moderate the extremes 

‘of the macroclimate. 
(ose: And, then we must not only look upon the physical ecological side of the problem 


extre- 


support only very 


"Sof photosynthetically produced oxygen in intercellular spaces, as we find them si 
especially in the leaves of water plants; storing of carbon dioxide in tissue Muids; 
storing of water as in our desert plants; a stronger absorbing power of the plant 
surfaces for infrared, for temperature control, as it has been found in our subartic 
‘plants. Protection against. frost could be imagined if the Martian plants were able 
to produce some kind of anti-freeze such as glycerol as a metabolic by-product. 
When searching for clues in the botanical literature, I found that some of our tet- 
restrial lichens de facte contain erythrol, which belongs to the same class of chemi- 
cals'as glycerol, 

‘These are some theoretical considerations. 

» Whatare the results of observational-and experimental studies? 

Dr. William M, Sinton, Smithsonian Observatory, found recently. strong abso 
“ction bands near: 3b microns, the wavelength of the carbon hydrogen bond. T! 
indicates the presence of organic molecules. He emphasizes that this organic ma- 
“terial would easily be covered by dust from storms unless it possesses some. regenera- 
tive power, A strong regenerative power was first postulated by E. G. Opik. 

Audouin Dollfus, fronr the Meudon Observatory, Paris, with L. Focas, Athens, 
Greece, made polarimetric.and photometric observations of Mars and, for com- 
parison, on mixtures of dirt and plant material. His results, too, favor the vege- 
‘tation theory. 

In Russia the outstanding Mars researcher was the astronomer G. Tikhov at the 
‘Alma Ata Observatory. He studied the optical properties {reflection and absorp- 
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sion) of tertestrial plamts and compared them «with those of the dark green artas un 
Mars, He, as well ay G. Kuiper, Chicago, could not find the iain absorption bands 
of chlorophyll in the spectrogram of the dark green areas. But he found strong ab- 
sorption in the infrared. He observed the same on plants growing under seve 
coudjtions.as on the Pamir Plateau in South Central: Asia and in the Sub-arctic. He 
Savanced the opinion that the colder the climate, the less iy the reflecting power of 
plants in the main hear-carcying rays from infrared to red and yellow, ‘Optically, 
this means that their color is shifted to the bluish side. Ecologically, it means that 
they absor!y more heat, Since the dark areas on Mars show a strong bluish-green tint, 
‘Pisho thought that the plantson Mars have developed just these optical proper 
for adapration to the severe Martian climate il of these properties, inanifested in 
the color of plants are. essentially, adaptations to the general Jevel of the enviton- 
mental temperature. On Mars, therefore, where the climate is rigorous, the plants 
aie in shades of blue, On Earth, where the climate intermediate, the plants are 
greeit, and.on Venus where the climate is hot, plants should have orange colors --- 
according to Tikhov. He first publis his findings and conclusions:in a book en- 
uded “Astrobotany,” in 1947, and Astrobiology,” in. 1953. He also founded a 
Deparunent of Astrebiology with an astrobotanical garden at the Alma Ata Ob- 
servatory. 

‘Another Russian scientist, Olga W, Troizkaya, ix not so optimistic. She gives only 
anaerobic tant mictoorganisins a chance jn the Martian climate. 

Most of the astrobiological researchers are in favor of the May tian vegeta Gon 
theory. Nevertheless, the problem of die green areas on Mars is: far from being 
solved, Especially is it difficult to explain their -ipid expansion in. che Martian 
spring, Following the melting of the icecaps they progress towards the equator with 
a speed of 7 to 15 km per day. No such growtli rate is known to us in the terrestrial 
plant kingdom, as has been emph: ized by Dy. Frank Salisbury. Perhaps one could 
explain it by a sleeping: drooped position of the leaves during the winter -~- a kind 
of hibersiation. Then it could be imagined that in spring they expand in a hovi- 
zontal position, fully exposed to sunlight and to the eye of the astronome: 

But the human eye as such also requires attention in the astrobiological. evalu- 
ation of the d: Are the green colorations on Mans real, or.are they 
a a " 
quires. normal color vision of the observer, as has been emphasized by Dr, Ingeborg 
Schmidt, Indiana Universicy. The same author nade experimental studies with 
gray patterns of different forms and sizes seen on a yellow-red background and 
came to the conclusion that sonte.of the green colorations on Mars aie probably, 
contrast phenoniena, especially if the areas are small. This conforms with cartier 
observations of G. Kuiper who, with great magnification, found only traces af moss: 
green colgiations when observing peripherally with the eye. All centrally viewed 
areas appeared dark gray. But green or not-green, it docs not exclude the possibility 
of ¥egetation on Mars, 

All this shows that the question of life o 
theoretical, observational, and optical ex 
final answer will not be available until the first astronaut sets his foot on this 
ed and green,” or “red and apparently green” planet, and telemeters his 
th, to the 


or 
Tuidings down, or up to his hone, or not-any-longer-home planet Es 
delight or disappointment of the followers of the various Martian theories. 
A new experimental line of astrobiological studies is that of examining terrestrial 
mnieroorganisins under simulated Martian conditions in a Mars Chamber, on 
Marsarium (Fig. 8). These studies indicate that certain kinds of soil bacteri 

perish; others, however, not only survive burt increase in oumbers during exposure 
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Fig: 8, Experimental Mars 
charnber (from the’ Astros 
microbiology Section of 
the Dept, of Microbiology, 
Aerospace Medical Cen- 
ter, Brooks AFB, Texas), 


to an environment in which. most.of the Martian atmospheric conditions (air pres- 
sure, composition, and temperature) are reproduced. Such experiments, which 
should be extended iss Venus chambers and Jupiter chambers, are-not only of astro- 
biological, but also af gencral biological interest insofar as in this way the struggle 
fore: tence of life, as conceived by: Charles Darwin, is shifted froin a terrestrial to 
a cosmic Level, They are also-of significance with regard to contamination of other 
celestial bodies by terrestrial microorganisms. and yice-versa, This subject matter 
may become:an important subfield of astrobiology 

The sterilization of rockets and space veh 


astrobiological 


been sterilized, One of the very effective chemicals is ethylene oxide gas. But it must 
be mentioned that blowing this gas into the interior of the rocket is not enough, 
Sterilization of space. vehicles. has to begin in the phase of manufacturing electronic 
equipment. All of this refers t unmanned space, linar, arid planetary probes. With 
manued space vehicles it is a different story, In this case, contamination of the en- 
vironment of other celestial bodies with terrestrial microorganisms and vice versa, 
if there is indigenous: life on the target celestial bodies, seems to be unavoidable. 
Exoterrestrial life contaminating the Barth via space vehicles might be absorbed 
in the melting pot of the endoterrestrial life. On the ather hand, terrestrial micro- 
organisms might find a suitable chvironment on other celestial bodies. When 
brought to virgin atmospheres, such as. those of Jupiter, they might start.a stormy 
chemical transformation of its atmosphere if temperature and light conditions are 
adequate; We must remember that the appearance of algac on our planct some 
“one and one-half billion ye has played a greater role in the oxygenation 
of-our primordial atmospheric ‘than the oxygen production by photochensical 
eactions. 
Incthe biological literature, we find the various historic perieds of life-on earth 
sted-as archcozoicuim, paleozoicum, mesozoicuma, and cenozoieumn, But if by space 
“vehicles forms of exolife would contaminate the earth and would be integrated i in 
© the-complexity of terrestrial. endolife, we will have entered a new era which we 
ight call. cosmocoicum. 
Astrobiology, of cawise, is also interested in thie question of the origin of life. In 
“this respect there are two theories, First, the panspermia theoty, suggested by 
Syante’ Arrhenius, 1910, according to which microorganisms are distributed 
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through space under the effect of light pressure, or by means of meteorites as 
carriers: 

‘Another theory suggests that life originated independently on the individual 
planets. Concerning the Earth, it has been theorized that in its proto-atmosphete, 
vontaining hydyogen, ammonia, methane, and water vapor, some 9 hillion years. 
ago, organic compounds such as amino acids were. produced by ultraviolet. of solar 
rejation, cosmic rays, oF by lightning; and settled down in the oceans and turned 
ee eto a kind of organic “nutritional” soup. This prebiotic material js con: 
Sidered to be a pre-condition and pre-staye for the origin of life, That such, photo- 
chemical or electrochemical reactions occur could be verified six years ago by 
means of electrical discharge in a chamber containing the gas composition. of the 
primordial atmosphere (S. L. Miller}. 

‘After the discovery of the Van Allen belt, it now suggests itself that the particle 
yays trapped in the geomagnetic field may have played a role in this respect. The 
horns of the outer radiation belt, which dip considerably into the atmosphere in. the 
sub-arctic latitudes, manifested in the Polar Lights and increased temperatures, 
may have been especially effective locations, particularly after solar flares, for the 
production of pre-biotic ynaterial. Such an assumpcion would also be of interest 
concernirig the possibility and otigin of life on other planets, 1 think the inclusion 
‘of the geomagnetically produced radiation belt, in addition to solar ultraviolet 
radiation into the problern of the origin of life at proto-atmospheric times, offers 
a promising platform to the physicist and biologist for theorizing and experimen- 
tation. 

"These are, in brief, my remarks in reviewing space medicine and astrobiology. 
We, from the life sciences sector of astronautics or bioastronautics, are proud of 
the opportunity to work together with space technology on the realization of man's 
exploration and penetration of space, In these efforts there are even broader aspects 
jnvolved. Terrestrial medicine, in general, will benefit from the study of the be- 
havior of the human body under extraterrestrial conditions, and the extension of 
our biological thinking into:a cosmic spectrum will offer unthought-of vistas for the 


i Set man in Me gener SD 
‘arching human mind for generations to come. 
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An introduction to astrobiology 


Examination of the chemistry, temperatures, and light conditions found 


in the atmospheres of other celestial bodies can provide clues to the 


origins of life and extend the study of biology to the cosmic spectrum 
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ro \pa oF the new scientific fields fast developing in this Space Age 
is astrobiology. Biology is the science of life, as it is known 
to us, in all its forms, functions, and phenomena, und its environ- 
mental and biotic interrelations. Astrobiology extends biological 
thinking to other celestial bodies, such as the planets and their moons. 

Since we do not know anything about creatures on other celestial 
bodies, the ecological aspect is now the only one on which astro 
biological studies can be based. The terms astroecology and plane- 
tary ecology, therefore, are more accurate at present. But because 
ecology is a branch of biology and we soon may have knowledge 
of life on other celestial bodies, astrobiology is probably the more 
practical designation, especially since this term is generally better 
understood, Actually, it is already firmly established in literature 

The term astrobiology appeared for the first time as the title of 
a book written in 1953 by G. E. Tikhov. a Russian, and in the same 
se 2 i sai O57, it was 
the title of a book by F. Pereira of Brazil. Actually, this line of 
thinking was initiated in a report by G. Schiaparelli in 1887 about 
the “canali” of Mars, written almost a century ago. Since then, 
numerous publications concerning life on other planets have ap- 
peared, by such authors as P. Lowell, E. M. Antoniadi, E. W. 
Maunder, A. S. Jones, and others. 

The rapid development of rocketry in the past 10 years has given 
a tremendous impetus to the study of the question of life on other 
worlds. Additionally, it has specifically posed the question as to 
what kind of environment an astronaut would find on the moon and 
the planets with regard to his own survival, i.e., from the standpoint 
of human physiology. Such space medical, or astromedical, ques- 
tions will not be discussed in this article. We shall confine ourselves 
instead to the question of indigenous life on other celestial bodies— 
the proper topic of astrobiology. 


What Chemistry for Extraterrestrial Life? 


Astrobiological considerations can be based either on an assump- 
tion of the kind of life known to us, with carbon as the basic struc- 
tural atom, or on an assumption of other forms and processes of life 
unknown to us and based on other elements. as for example, silicon. 
This extracarbonic biology. or we might call it parabiology, is beyond 
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The Planetary System Ecosphere 


the scope of this discussion. atmosphere’s chemistry, especially if we include its 
Let us first consider the evolution of the earth's historical evolution. This leads us into the field of 
atmosphere _as_an_astrobiological_model.__In_the nileo-astrobiology. Using the _chemical_develop: > 
center of astrobiological studies are the planetary ment of the earth’s atmosphere as an astrobiological 
itmospheres and their chemistry, temperatures, and model for a life-supporting planet, we can assume 
other properties. that the terrest primeval atmosphere, or proto- 
The most interesting aspect here is that of the atmosphere, contained (CONTINUED ON PAGE 86) 
Planetary Temperatures and Biological Temperature Ranges 
K “S 
mercury-—~ 700 2 
400 Chemical Components of the Planetary Atmospheres 
400 pee (After Hess, Kuiper, Urey, DeVeucouleurs and Whipple) 
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Astrobiology 
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essentially hydrogen, methane, am- 
nionia, water, aud helium. 

According to modern astrophysical 
theories (WI. Urey, G. Kuiper, L. 
Wild), the water molecules in this re- 
ducing atmosphere were split into hy- 
drogen and oxy‘gen by ultraviolet solar 
radiation. (photodissociation). The 
lighter hydrogen escaped into space 
and oxygen remained. This initial 
oxygen oxidized ammonia to nitrogen 
(Nz) and water and. similarly, 
methane to carbon dioxide and water. 
With the appearance of chlorophyll- 
bearing plants (algae) about a billion 
and a-half years igo, oxidization of the 
protoatmosphere was accelerated by 
the process of photosynthesis, 

With this, biology ‘entered. the pic- 
tare of the chemical transforniation of 
the earth’s gaseous envelope. In the 
course of millions of years, most of the 
atniospheric components became oxi- 
dized by the photosynthetically pro- 
duced’ oxygen, and.a large surplus of 
this vital element even accumulated. 
In the present-day atmosphere, this 
stock of free oxygen (O,) amounts to 
1,2 quadrillion metric. tons. 

Summarizing, we find in the his- 
torical development of the terrestrial 
atmosphere, two hasie types of atmos- 
pheres with pronounced chemical re- 
action tendencies and, logically, a 
transitional stage between the two: 

1. A reducing protoatmosphere. In 
this ‘anoxic hydrogen atmosphere, 


the protoatmosphere, organisms are 


Chambers for the study of mic 


ro-organisms 


hardly conceivable. If, however, or- 
ganic compourds such as amino acids 
were produced from. methane, am- 
monia, and water by solar ultraviolet 
radiation or other photochemically ef- 
fective rays with some CO, available 
(see later), anoxtbionts could have ex- 
isted in this phase of the protoatmos- 
phere. These, then, would have been 
the protobionts on our planet. 

2, A transitional stage with increas- 
ing oxidizing. power. In this later 
stage of the protoatmosphere, chem- 
autotrophs (iron-, sulphur-, ammonia-, 
and hydrogen-bacteri2) and photo- 
autotrophs {chlorophyll-hearing  or- 
ganisms of a lower order) could have 
existed. Large iron deposits, such as. 
those found in the Great Lakes area. 
are the result of the activity of iron 
bacteria, These deposits are a billion 
and a half years old. 

3. A highly oxidized atmosphere 
with @ large. amount of free oxygen. 
This type of atmosphere, which we ob- 
serye today, provided the basis for the 
development of higher plants, animals, 
and man. We must keep in mind that 
behind this chemical transformation as 
the effective agent was, and is, solar 
radiation. The knowledge of this pat- 
tern of the. historic evolution of the 
chemistry of the earth's. atmosphere 
and the development of the biosphere 
(living world), and its active role in 
this process, gives us the necessary 
platform for a better understanding of 
the present-day atmospheres, of the 
other planets and of their chemo-eco- 
logical. qualities. 


uf present-day planetary atmospheres, 


under simulated Martian conditions 


at the Microbiological Section of the AF Aerospace Medical Center. 
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Tt can be assumed that the proto- 
atmospheres of the other planets about 
23/, billion years ago’ had the same 
chemical composition as. the proto- 
alinosphete of the earth, [t-ean then 
be expected that they should have 
very different properties now since 
they have heen exposed to different 
intensities of ultraviolet solar radiation, 
corresponding to: their respective dis- 
tances from the sun. The planetary 
distancés are such’ that each sueces- 
sive planet is-about twice as far from 
the-sun as the preceding one (Bode’s 
Law). 

The table on page 21 shows the 
main ¢hemical components of the 
planetary atmospheres in the order of 
their abundance, We find, in the solar 
plinetary. system in its present state 
of development, two hasie types of 
atmospheres: 

(1) Hydrogen and hydrogen: com- 
pounds containing: atmospheres on the 
«iter planets (fron: Jupiter to Pluto). 

(2) Oxygen and/or oxidized com- 
pounds containing. atmospheres on the 
inner planets. These are of three ya- 
rieties; The. densely oxidized terres- 
trial atmosphere with a high free oxy- 
gen content; the densely oxidized Ve- 
nusian atmosphere with no oxygen or 
only a small amount of oxygen; and the 
thinly oxidized Martian atmosphere, 
also with only a few traces of free 
oxygen. 


Oxygen and Hydragen Belts 


The group of oxygen-dominated at- 
mospheres of the inner planets rep 
sents OP ORF TEN Te 
planetary system, with the earth as 
the oxygen planet, while the group of 
hydrogen - dominated atmospheres 
forms a hydrogen belt; These two 
belts correspond exactly with the two 
basic phases in the historic develop- 
went of the earth's atmosphere: The 
hydrogen phase some 2!/, billion years 
ago, and the present oxygen phase, 
The atmospheres of the outer planets, 
while beyond the photochemically’ ef- 
fective range of solar ultraviolet radia- 
tion, apparently have remainéd. in. a 
sort of protuatmosphere phase up to 
the present time. 

It is interesting that there is no in- 
termediate type. of atmosphere in the 
planetary system. This can be ex- 
plained through the existence of a 
wide spatial gap. between Mars and 
Jupiter. 

So much for the chemistry of the 
atmospheres of the planets. ‘They all 
belong tothe same family of celestial 
bodies but revolve around their cen- 
tral body~the sun—at. different dis- 
tances and as a'result show a different 
chemistry which is ecologically signifi- 
cant, 

No Jess significant for life is the 


temperature of the planetary atmos. 
pheres, which, too, is dependent on 
the solar distance. Temperatures ‘on 
planets which are favorable to life are 
found only in a cettain solar distance 
range, as shown in the illustration on 
page 21. We can-call this zone the 
biotemperature belt in the planetary 
system. Veins ‘lies in the warm, or 
hot part of this belt; Mars in. the cool, 
or cold ‘part; and the earth in the 
golden middle of the belt. The outer 
planets, with temperatures ranging 
from: —140. to —250 .C, lie. outside 
this belt of life-supporting tempera- 
tures, 


The Liquid Water Belt 


In about the same area, dependent 
on the temperature, water is found, 
or is conceivable, in its biologically 
useful form, that is, in the liquid state, 
Harlow Shapley calls ‘this zone the 
liquid water belt of the planetary sys- 
tem, 

And,.as we have seen, we ¢an also 
speak of an oxygen belt in the plane- 
tary system which includes. oxidized 
compounds, such.as carbon dioxide. 

With regard to light conditions, an- 
other important ecological factor, we 
may also speak of a euphotic, or biv- 
photic, belt, All these belts are found 
at about the same distance from the 
sun. 

To, cover-all these ecological factors, 
we can use, for this life-favoring zone, 
the more general term of ‘planetary 
system ecosphere ox helio-ecosphere. 
This ecological belt, or zone, of the 


zone and, represents Jess than 5 per 
cent of the whole range from the sun 
to Pluto, In this belt, total solar 
irradiance ranges from roughly 4 to 
0.5 cal em-* mint, and solar illumi- 
nance from 270,000 to 40,000 lux (== 
lumen per square meter), For com- 
parison, the corresponding values on 
the earth’s surface reach, inaximally, 
Leal eor* min? and 108,000 Inx, 
respectively. The coricept-of the eco- 
sphere, also referred to as. the “habit- 
able’ zone,” has recently been applied 
to-other stars by J. Gadomski, H. Shap- 
ley, and others: In such a comparison, 
our solar system can serve-as an astro- 
biological model for othér stellar eco- 
Spheres, just as we used the earth pre- 
viously as an astrobiologital model for 
other planets. 

Returning to the solar system, from 
all our. general ecological considera- 
tions, it. seems to follow that, in addi- 
tion. to earth, only Mars and possibly 
Venus can qualify as bioplanets, 

On the outer planets, micro-organ- 
isms, such .as hydrogen or methane 
bacteria, etc.. are conceivably just the 
same as in the terrestrial protoatmos- 
phere if the temperature on -thé sur- 
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face is within physiological limits. 

OF the ecospheric planets, Venus, 
constantly and completely covered 
with dense clouds, probably consisting 
of carbon dioxide crystals, is shrouded 
in mystery insofar as surface. features 
are concerned. The thermal environ- 
ment of this planet might be on the 
hot side due to its close proximity to 
the sun aud a “greenhouse” effect in 
its CO.-enriebed atmosphere, 

The Martian atmosphere is rather 
transparent, und permits observation 
of the planet's surface. Because of 
this, Mars is the favorite planet for 
astrobiological discussions and has 
been’ since Schiaparelli’s description 
‘of the canals and the observation of 
dark green areas which show seasonal 
color changes of the kind observed in 
terrestrial plants. These have recently 
once. again become the. subject of in- 
tensified study as a result of improved 
spectrographic techniques and the pos- 
sibility of transatmospheric observa- 
tions. from balloons. 

There are three theories concerning 
these dark green areas on Mars: (1) 
The organic, or vegetation, theory; (2) 
the inorganic. theory, explaining them 
as the result of either. volcanic erup- 
tion (P. McLaughlin) or of color 
changes of some hygroscopic inorganic 
materiel caused by variations of the 
soil's humidity (S, A. Arrhenius); and 
(3) ‘the physiological optical theory, 
which: explains the green. color as a 
contrast phenomenon against the yel- 
low-red. surrounding area. 

The following discussion is confined 
to those: theories. which involve. bio- 


problem, 

Concerning the vegetation. theory, 
some climatic data must be considered. 
Oxygen is present on Mars only in 
traces, the carbon dioxide pressure is 
considerably higher than’ on earth, and. 
nitrogen is abundant. Water, how- 
ever, is very scarce, The light inten- 
sity is about 40 per cent of that on 
earth—high enough for photosynthesis 
as we know it. The amplitude of the 
day-night temperature variations in 
the equatorial regions can exceed 70 C. 
During the day, temperatures can 
reach 35 C, but these drop during the 
night to —45 C. and lower. 

In general, then, the physical con- 
ditions are, in terms of terrestrial 
botany, extremely severe with the ex- 
ception of sufficient carbon dioxide and 
light, and ‘suitable. temperatures, dur- 
ing the day. Such conditions, by ter- 
restrial standards, could support only 
very hatdy and cold-resistant organ- 
isms, 

But we must consider not only the 
climate as a whole, but also the so- 
called microclimate; near, on, and be- 
low the ground, and influenced by sur- 
face and subsurface features; such as 


snow covering, hollows, caves, éte., 
which usually moderate the oxtremes 
of the microclimate. 

And then we must not only look 
upon the physieal: ecological side of 
the problem but also upon its physio- 
logical side~that is, the enormous ¢a- 
pacity of life to adapt itself to abnor- 
mal climatic conditions, With regard 
to the specific environment on Mars, 
we should consider the possibility of 
adaptive phenomena such as storing 
of photosynthetically-produced oxy. 
gen in intercellular spaces, as ‘we 
sometimes find in the leaves of water 
plants; storing of carbon dioxide in 
tissue fluids; storing of water, as in 
our desert plants; stronger infrared 
absorptive power of plant surfaces; 
and a shift. in the reflecting power 
toward blue for temperature control, 
as has been found in our subarctic 
plants. Protection against frost could 
be imagined if Martian plants were 
able to produce some. kind of ‘anti. 
freeze, such as glycerol, as.a metabolic 
byproduct; When searching for clues 
in the botanical literature, I have 
found that some of our terrestrial 
lichens de facto contain erythrol, which 
belongs to the same class of chemicals 
as glycerol, 

What are the results of observational 
and experimental studies? 

William M, Sinton of the Smith- 
sonian Observatory found strong ab- 
sorption bands near 3.4 j, the! wave- 
length of the carbon. hydrogen bond, 
This indicates the presence of organic 
molecules, Dr. Sinton emphasizes 
thot this i i ily 
be covered by dust from storms, un. 
less it possesses ‘some regenerative 
power. A strong regenerative power 
was first postulated by E.G. Ocepic. 

Andouin Dollfus of the Mendon Ob- 
servatory in Paris, along with 'L. Focas 
of Athens, Greece, made polarimetric 
and photometric observations on Mars 
and, for comparison, on. mixtures’ of 
dirt and. plant material. His results, 
too, favor the vegetation theory, 


Russians on Mars 


In Russia, the outstanding Mars re- 
Searcher was the astronomer G. A. 
Tikhov:at the Alma Ata Observatory, 
He’ studied the optical properties: (re- 
flection and absorption) of terrestrial 
plants and compared them with those 
of the dark green areas on Mars. He 
could not find. thé main absorption 
bands of chlorophyll in the spectro- 
gram of the dark green areas, in con+ 
formity with G. Kuiper. But ‘he found 
strong absorption in the infrared. He 
observed the same. thing in plants 
growing under severe conditions like 
those found on the Pamir Plateau in 
South Central Asia and in the gub- 
arctic. He advanced the opinion that, 


the colder the climate, the less the. re- 
flecting power of plants in the main 
heat-carrying rays from infrared to red 
and yellow. Optically, this: means 
that their color is’shifted to: the bluish 
side. Ecologically, it means that they 
absorb more heat: 

Since the dark-areas on Mars show 
a strong bluish-green tint, the. plants 
on Mars may have developed just these 
optical properties for adaptation to 
the severe Martian climate, All these 
properties, manifested in the color of 
plants, are. essentially adaptations to 
the general level of the environmental 
temperature, On Mars, therefore, 
where the climate is vigorous, the 
plants are of blué shades. -On earth, 
where. the climate is intermediate, the 
plants are green, and on Venus, where 
the climate’ is hot, the plants have 
orange colors—according to Tikhov. 
He first published his findings and.con- 
clusions in books entitled | “Astro- 
botany” (1947) and “Astrobiology” 
(1953). He also founded a Depart- 
ment of Astrobiology with an astro- 
botanical garden at the Alma Ata 
Obseivatory. 

Another Russian scientist, Olga W. 
Troizkaya, is not so optimistic, and 
gives only anerobie, very. cold-resistant 
micro-organisms, a chance for exist- 
ence:in the Martian climate. 

Most astrobiglogical. researchers are 
in favor of the vegetation’ theory. 
Nevertheless, the problem of the green 
areas on Mars is far from solved, and 
it is especially difficult to explain their 
rapid expansion in the. Martian spring. 
Following the melting of th 
jiey progress towa 
& speed of five to 10 miles per day. 
No such growth rate is known to-us in 
the terrestrial plant kingdom, as has 
been emphasized by Frank Salisbury. 
Perhaps one could explain it by a 
sleeping, drooping. position of the 
leaves during the winter—almost 2 
kind of hibernation. ‘Then it might be 
imagined that in spring the leaves ex- 
pand in a horizontal position and are 
fully exposed to sunlight and-:to. the 
eye of the.astronomer, 


Martian Cofors 

But the human eye. as such also re- 
quires attention ‘in the astrobiological 
evaluation of the dark green areas. Is 
the green: coloration of Mars real, or 
it only: 2 contrast phenomenon? 
‘st of all, observation of the green 
areas on. Mars requires normal color 
vision in the observer, as has been em- 
phasized by Ingeborg Schmidt of In- 
diana Univ, The same author made 
experimental studies with gray pat- 
terns of different forms and sizes-on a 
yellow-red background. and came to 
the-conelusion that some of the-green 
colorations on. Mars are prabably con: 
trast phenomena, especially if the 


areas are small. This conforms with 
the. earlier obseivations of G. Kuiper 
who, with great magnification, found 
fraces of moss-green colorations when 
vbserved with the peripheral retina. 
When observed centrally, the areas 
appeared as dark gray. But whether 
the areas are green or are not green, 
the possibility that vegetation exists on 
Mars cannot be excluded. 

All the above shows that the. ques- 
tion of whether life exists on Mars is 
at présent the focal point of a host of 
theoretical, Gbservational, and experi- 
mental studies, However, it may well 
be that the final answer will not be 
available until the first astronaut sets 
foot on this “red,” or “red-and-green,” 
or “red and apparently green” planet, 
and telemeters his findings down, or 
up, to his home, or not-any-longer 
home, planet earth, to the delight or 
disappointment of the proponents of 
the various Martian theories. 


Mars in the Laboratory 


A new experimental line of astro- 
biological studies is that of examining 
terrestrial micro-organisms under sim- 
ulated Martian conditions in Mars 
chambers, as carried out in the De- 
partment of Microbiology at the AF 
Aerospace Medical Center. These 
studies indicate that certain kinds of 
soil bacteria :perish; others, however, 
not oily survive but increase in num- 
bers during exposure to. an’ environ- 
ment in which most of the Martian at- 
mosphérie conditions (air pressure, 
composition, and temperature). are re- 
produced. Such experiments, which 
STi Oo Venus au 
Jupiter chambers, are not only of as- 
trobiological interest, but-also of gen- 
eral biological interest, insofar as in 
this way the “struggle for existence of 
life,” as conceived by Charles Darwin, 
is shifted from a terrestrial to a cosmic 
level. They are also of significance 
with regard to contamination of other 
celestial bodies by terrestrial organ- 
isms; and vice versa. This subject may 
hecome.an important subfield of astro- 
biology. 

Astrobiology, of course, is also in- 
terested in the question of the origins 
of life. In this respect there are two 
theories. The first of these is the 
panspermia theory, according to which 
niicro-organisms are _—distibuted 
through space under the effect’ of 
ligbt pressure, or by means of mete- 
orites as carriers. 

Another theory suggests that life 
originated on the individual planets. 
Concerning -earth, it has. been theo- 
tized that in its protoatmosphere, con- 
taining hydrogen, ammonia, methane, 
and water vapor—some 21/, billion 
years ago—organie compounds such as 
amino acids were produced by ultra- 
violet solar radiation, cosmic rays, or 


by lightning and settled down in the 
oceans which tumed them into a kind 
of organic “nutritional soup.” This 
pre-biotic material ig considered to -be 
2 pre-condition and. pre-stage for the 
origin ‘of life. That such photochem- 
ical or electrochemical reactions’ occur 
swas verified six years ago by means of 
an electrical discharge in a chamber 
containing the gas composition of the 
primordial atmosphere’ (S. Miller). 

The discovery of the Van Allen belt 
suggests that ‘the particle rays. trapped 
in the geomagnetic field may have 
played an important role in this re- 
spect. The. horns of the outer radia- 
tion belt, which dip considerably into, 
the atmosphere in the subarctic Sati- 
tudes, manifested in ‘polar lights: and 
increased temperature, may have. been 
especially effective locations for the 
production of pre-biotic material, par- 
ticularly after solar fares, Such an as- 
sumption would also be of interest with 
respect to: the. possibility: and origins 
of life. on other planets. ‘The inclu- 
sion of the geomagnetically-produced 
radiation belt, in addition to solar ultra- 
violet radiation, in. the problem of the 
origins of life: at protoatmospheric 
times, offers a promising platform to 
the physicist and biologist for theoriz- 
ing and experimentation. 

Jn conclusion, oné might well ask: 
“But what's the use of these astrobio. 
logical studies?” ‘The simplest answer 
is that. they will be beneficial to gen- 
eral biology! 

As an example from the inorganic. 
world, helium was discovered in 1876 


which it obtained its name, and it was 
thought at first that this was an ele- 
ment found exclusively in the san. 
Some 20 years later, it was discovered 
on earth as well. Jn the same way, by 
studying the planets, by looking at the 
green areas of Mars, and by: studying 
their absorptive, reflective, and other 
properties, we may discover things that 
have been overlooked in terrestrial 
biology and botany, 

Only through the extension of our 
biological thinking into the’ cosmic 
spectrum will our knowledge and ef- 
forts in the life scienées become com- 
plete. 
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A Subsurface Marine Biosphere 


on Mars? 
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Instead of long ago diffusing into space, the water of Mars may 


remain locked beneath layers of dust and ice, there supporting a 


variety of chemosynthetic organisms 


In the search for evidence of life on other planets, 
Mars appears to offer the most promising eco- 
logical conditions. The pertinent hypotheses have 
concentrated on.the. dark, blue-green areas which 
comprise. about 25% of the Martian surface and 
occur essentially in the temperate regions, They 
have been described most comprehensively in the 
“Photographic. Story of Mars,” by E. C. Slipher.* 
Because these areas, known as “maria” or 
“seas,” show marked seasonal variations in color, 
many investigators have concluded that they are 
covered with vegetation. There are pros and cons 
concerning the Martian vegetation theory.* One 
objection is founded on the question of whether 
Mars provides water in sufficient quantity and dis- 
tribution to support a well-developed plant cover. 
P. Lowell-established the prevailing picture of 
Mars. as ‘a nearly desiccated planet, Mars ap- 
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gravitational force (0.38 g) most of the water was 
lost into space. Only a small amount of water 
vapor remained; estimated. at 1% of the water 
vapor in the Earth’s atmosphere. Some of this 
water vapor condenses, periodically, around. the. 
poles, forming thin deposits of ice or hoarfrost, 
identified by G. Kuiper as H20.* 

The linear dark. gray markings—the famous 
“canali” of Schiaparelli’ (1877)—were inter- 
pteted by P. Lowell to be bands of vegetation fol- 
lowing artificial waterways, built by intelligent 
beings at sonic time in the past to irrigate their dry- 


HUBERTUS STRUGHOLD {F), one 
‘of the pioneers. of aviation 
fectured on the subjact 0s early 2s 1927. 
Coming from the Univ. of Heidelberg, 
Germany, he joined the. USAF Schoot 
of Aviation Medicine in 1947. Later ho 
becamé the first professor ‘of space 
medicine at the AF Univ. and was ap- 
pointed to his present position in. 1962. 
He holds both Ph.D. and M.D. degrees 
and has published a book on Mars. 


ing planet. Today they are: considered to be 
natural structutal features of the Martian soil. 

In summary, the accepted view continues to be 
that Mars is extremely arid; it has lost its ancient 
oceans, but has retained just enough water to 
support very hardy and primitive.plants in certain 
surface regions. However, there is a different hypo- 
thesis which suggests an alternative hydrographic 
situation on Mars. : 

More than half a century ago, A. Baumann. of 
Zurich advanced the opinion that the primordial 
oceans on. Mars had been frozen and covered by 
an accumulation of dust. The canali were attrib- 
uted to wide cracks (fissures) in the ice, resulting 
from volcanic action.? According to a. reference 
cited by H. Urey in his book, “The: Planets,” H. B. 
Suess also suggested that “substantial quantities 
of water may b be: panes ‘under dust and never be- 


the planet. m8 

Recently, V. D. Davydov of. the Astronomical 
Sternberg Institute in Moscow developed the: ice 
mantle theory in greater detail.® He assumes that 
planetary materials from which. Mars evolved in- 
cluded water in approximately the same propor- 
tions to the total mass as did those from which the 
Earth was formed.. However, because of the great- 
et distance between Mars and the Sun, most of 
this water is now frozen and covered with dust 
from. the frequent dust storms that sweep the 
planet. The polar ice caps. are considered by 
Davydov to be bare areas ‘of the ice layer. He 
further theorizes that the temperature increase in 
the interior of Mars follows nearly the same pat- 
tern as-that within the Earth’s crust, where the 
temperature increases approximately 3.C per 100 
meters of depth. 

If this is the case on Mars, the temperature 
‘within the crust in the equatorial regions would 
ise above the melting point of ice at a depth of 
500 meters below the surface. In the polar regions 
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where the mean annual surface temperature is 
much lower, the melting point would be reached 
at a depth of perhaps 2000 meters. Thus, if Davy- 
dov’s assumptions are correct, there should be a 
reservoir of liquid water below the subsurface layer 
of ice on Mars. 

Then, assuming that fissures appear in the ice 
from time to time, some water could emerge to the 
surface and form streaks of fog. This would ex- 
plain the appearance of mysterious white strips 
Which ex - 4 
V. P. Barabashow in 1924, but not explained by 
him.!° Vegetation would grow more profusely 
along these strips because of the greater abun- 
dance of moisture. In the opinion of Davydov, like 
that of Baumann, this is the background phenome- 
non accounting for Schiaparelli’s canali. 

This frozen-ocean hypothesis would also make 
it easier to explain another visual phenomenon: 
The appearance of bright white spots far removed 
from polar regions. This phenomenon was first 
reported by Schiaparelli in 1877. P. Lowell de- 
voted an entire chapter to it in his book, “Mars 
and Its Canals,” which may be summarized by 
the following excerpts. 

“{n addition to the polar caps proper . . . other 
white spots may from time to time be seen upon 
the disk, . . . They sparkle on occasion in like 
manner with the sheen of ice. . . . Their duration is 
reckoned by weeks and even months. . . . All of 
the above instances of extra-polar white have been 
located within the tropics. Examples of the same 
thing, however, occur in the north temperate 
zone.” Of one such spot in latitude 50 deg North, 
Lowell wrote: “This spot, too, on occasion glitters, 
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as it were, with ice.” He interpreted these occur- 
rences as hoarfrost, resulting from local drops in 
temperature. 

E. C. Slipher photographed and described the 
spots in his paper, a “Great White Spot in the 
Martian Tropics.”!! He wrote that this spot was 
“00 miles long and 400 miles wide, slightly less 
bright than the south polar cap but more brilliant 
than the north cap, and in tint slightly more yel- 
lowish than the south cap.” He called this spot, 

i i after several days, “an out- 
standing feature in the recorded history of Mars. 
He concluded that, “it is of most pertinent sig- 
nificance regarding conditions of the planet.” 

Also of interest in this respect is the observation 
by members of the Eastern Astronomical Associa- 
tion in Japan of strange bright flares from the sur- 
face of Mars, followed by cloud formation, which 
they interpreted as solar light reflected from iso- 
lated ice beds revealed by meteoritic impacts.!* 

These puzzling phenomena could be explained 
by cracks in the ice layer, releasing water either 
to form gigantic clouds, or depositing hoarfrost on 
the ground. One cause of such cracks could be 
volcanic action, as suggested by Baumann and 
Davydov. Another might be impacts by large 
meteorites, approaching asteroidal dimensions. 
The proximity of Mars to the asteroid belt had led 
C. Tombaugh to propose the likelihood of such 
collisions."? In this connection, I have tested the 
effects of simulated impacts on ice beneath a cov- 
ering of soil by means of a simple experiment. 
Small models of the Martian crust were made by 
sandwiching a layer of ice between layers of frozen 
dirt, and then subjecting them to impacts from 
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bullets. The impacts produced miniature craters 
with. white. floors, resembling the white spats de- 
scribed in the. astronomical literature. Finally, if 
we combine the ice-and-water-table hypothesis 
with meteoritic-impact probability, then the oc- 
currence of new dark green areas in hitherto red- 
dish areas, as described by Slipher, can be more 
easily explained. 

At this point I should like to call attention to a 
hypothesis which ‘might have some significance 
concerning the mysterious canals, According to 
P. A. M. Dirac, the gravitational constant has -de- 
creased during the life-of the solar.system and con- 
tinues to decrease.*4 This has Jed to an expan- 
sion of the Earth, causing faults or fissures .on land 
and at the bottom of the oceats, as tecently de- 
scribed by P. Jordan? It is conceivable that the 
same process, causing the total volume of the 
planet to expand, might have produced fissures on 
Mars, or might have induced a. predisposition of 
the Martian crust-to react with fissures of gigantic 
dimensions after meteoritic impacts. Fissures do 
not radiate from meteor craters on Earth; due, 
probably to ‘the thickness and more or less uni- 
formity of its crust. (In the interpretation of the 
tills on the Moon, photographed by Ranger 9, 
Dirac’s, hypothesis must also be considered. ) 

All of the foregoing is highly hypothetical; but 
since. the beginning of “rocket astronomy” and 
“balloon astronomy” we have witnessed so many 
surprises in the exploration of space (Van. Allen 
radiation belt, fluctuations of the magnetosphere, 
solar storms, ‘secondary cratexs on the Moon, tem- 
perature on get.) th a6 
forward to new knowledge gained by planetary 
probes coricerning the environmental and struc- 
tural profile of Mars, unexpected and perhaps con- 
trary to present theories, 

Let us therefore assume that Mars contains a 
deep underground ice table and a liquid water 
Jayer, or at least large pockets of water beneath 
the ice. This would be of great importance for 
astronautics from a logistic point of view, because 
then there might be a accéssibie source of water. 
for the life-support system in a Martian station. 
Moreover, such water occurrence would be pat- 
ticularly pertinent to. the question of indigenous 
life on Mars. I would like to-concentrate on this. 

Tf liquid water is found in substantial quantities 
below the surface of Mars, underneath a stratum 
of ice at depths of 0.5 km. or move, the water 
may constitute a potential biosphere or habitat of 
living organisms. We can. base speculations in this 
respect on well-known principles of terrestrial 
ecology, such. as the principle of limiting factors 
(minimuin and maximum), and without resorting 
to fantasy. In doing so. we-can draw-the following 
picture of the biotic possibilities in this hypotheti- 
cal underground water layer: 


Simulated Mars crust model with builet-impact crater, 


Beginning with pressure as an ecological factor, 
we know that marine organisms capable. of with- 
standing very great. pressures, exist-in the Earth's 
oceans. Various types of baryphilic (pressure: 
tolerant) bacteria have been recovered from sedi- 
ments in the bottom of the: Pacific at depths ex- 
ceeding 6000 meters.’* The. hydrostatic pressure 
at this depth equals 600 atm. Even at 10,000 
meters and 1000 atm, deposits from the bottom 
contain bacteria, 


pressure-wontitt Ty 
Hence, at a depth of 500 low the Martian 
tropics, where it has been estimated that an ice 
table would melf, the pressure would be less than 
anywhere in the Earth’s deep seas. From this it 
follows that the pressure in the hypothetical deep 
Water table on Mars would be everywhere well 
within the. range of tolerance for terrestrial or- 
ganisms, It may be added that numerous metazoa, 
such as starfish, sea cucumbers, and bivalves, have. 
been found in the Earth’s deep seas. 

With regard to temperature, active life’ is pos- 
sible in terrestrial biology from several degrees be+ 
low the freezing point of waier to a maximunr of 
+80 C. At the bottom of the Earth’s deep seas, 
the temperature is about +2.5-C. It can be esti- 
mated that the temperatures in a subsurface sea 
on Mars-wouid.be approximately of the same.order 
of magnitude; then, the temperature: factor should 
present no obstacle to life at either end of the 
seale. It would presumably vary with depth, but 
nowhere would it show. the extreme day-night 
variation, from +25 to less than —50 C which 
prevails. on the Martian surface. 

In-a subsurface water reservoir below several 
hundred meters of ice, covered by a top. layer of 
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dust, darkness would prevail, except, perhaps, 
where some sunlight occasionally filtered down 
through fissures. However, life is possible in light- 
less (aphotic) environments. On Earth we have 
numerous examples, for instance, in the soil (soil 
bacteria); in caves, coal mines, petroleum de- 
posits; and in the depths of the ocean below the 
photic zone, which ends at approximately 500 
meters below sea level. 

Generally, concerning the photic situation as 
an ecological condition, it may suffice here to re- 
member the two fundamental biological processes 
in the metabolism of the autotrophs for the build- 
up (anabolism) of organic matter—photosyn- 
thesis and chemosynthesis. In the first case, light 
is used as energy source, as observed in all 
chlorophyl-bearing organisms (photoautotrophs). 
In the second method the required energy for syn- 
thesis of organic matter is derived from inorganic 
substances by chemical (oxidative) reactions in 
lieu of light (chemoautotrophs). 

In the assumed perma-dark underground water 
table on Mars, organisms depending on photo- 
synthesis are hardly conceivable, but chemosyn- 
thesis is. 

We know various kinds of chemoautotrophs, 
whose existence depends on the oxidized chemical. 
This may be hydrogen, nitrogen, methane, am- 
monia, sulfur, and iron bacteria. If some of these 
chemicals, including a certain amount of oxygen 
or oxygen compounds, are present in the proposed 
underground water on Mars, the conditions would 
be suitable for chemoautotrophs of the types 
known on Earth. This probably would depend to 


in the history of Mars were its oceans frozen, as- 
suming that they once existed in a liquid state?” If 
they began to freeze at a relatively early stage, 
while the Martian protoatmosphere consisted pri- 
marily of hydrogen, ammonia, methane, and water 
vapor—as the original atmosphere of the Earth 
most probably did—they might still contain these 
primordial atmospheric gases. If so, then the pres- 
ent subsurface water table would offer a suitable 
chemoecological medium for the chemoautotrophs 
mentioned above. 

If the foregoing organisms exist, they could 
serve as nutritional material for heterotrophs, 
which can live only on preformed organic matter, 
either of biogenic or abiogenic origin. In fact, 
heterotrophs might have been the first living or- 
ganisms on Mars. This, logically, leads us to 
speculations about Martian paleontology, which 
might have been analogous to that on Earth. 

For the origin of life on Ea:ch, the theory pro- 
posed by A. I. Oparin'? and H. Urey* is generally 
accepted, according to which, under the effect of 
ultraviolet of solar radiation and/or lightning, or- 
ganic material was produced in the protoatmos- 
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phere or in the upper layers of the primordial 
oceans. This occurrence has been demonstrated in 
laboratory experiments in which these conditions 
have been simulated. The resulting “nutrient 
broth” was the material from which, during this 
“chemical evolution,” the first living cells origi- 
nated.'S These, then, must be classified as hetero- 
trophs living upon organic substances abiogeni- 
cally produced. The following “organic evolution” 
led to the emergence of autotrophs, of the chemo- 
synthetic and photosynthetic types, and of ad- 
vanced heterotrophs living on biogenically pro- 
duced organic material. These were the primordial 
stages of life during the Archeozoicum and Pro- 
terozoicum on Earth. 

It is biologically not unreasonable to assume that 
life would have developed on proto-Mars under 
similar conditions, assuming that life based on 
carbon has arisen there at all. Unless open waters 
once were present, under a reducing protoatmos- 
phere, with the composition postulated by modern 
theory, it is difficult to imagine the origin of any 
living organisms on Mars. The possibility that they 
may still exist in a subsurface hydrosphere is, of 
course, a speculation. However, in certain respects, 
life would have had a better chance for survival 
in a sheltered environment with a suitable tem- 
perature and an abundance of water than in the 
arid climate with extreme temperature variations 
that characterize the Martian surface. And it might 
be not too farfetched to imagine that if the life 
in the ancient and now partially frozen oceans has 
become extinct, there still might be remnants of it 
in the form of petroleum pockets. 


ice water layer on Mars, then its biosphere would 
have two sections: One on the land surface, and 
the other in the underground water table. (The 
Earth’s biosphere is subdivided into three sec- 
tions: Land, fresh water, and the sea.) The surface 
biospheric section on Mars might be based pre- 
dominantly on photosynthesis; the underground 
marine section on chemosynthesis. But these two 
habitats need not be isolated from one another. 
The possible cracks in the ice layer, produced 
by Mars-quakes and by occasional meteoritic or 
asteroidal impact, might lead to intercontamina- 
tions between the upper and lower sections of 
the Martian biosphere. If this happens, photo- 
autotrophs from the dark green surface areas 
might switch to chemosynthesis. We know of 
photoautotrophs on Earth which behave in dark- 
ness like chemoautotrophs. At the time when the 
freezing of the ancient oceans, i.e. the permanent 
ice age, on Mars began, intercontaminations might 
have been frequent. But at the present develop- 
mental stage of the red planet, the lower bio- 
spheric section—if it exists—should be considered 
as a “semi-closed ecological system” with bio- 
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chemical cycles interrelated and adapted to the 
dark, cold, and high-pressure marine environment. 

With this éxcursion into the: Martian paleon- 
tology; I would like to conclude my thoughts; 
which have followed the line of realistic geoeco- 
logical thinking, but are. heretical in their assump- 
tions of astronomical background. The supposi- 
tion of life on the-surface of Mars is supported by 
some visual and. spectrographic evidence. The 
assumption of an underground water table. as a. 
second habitat for life must be considered a hypo- 
thesis with no evidence, at present. But the com- 
bination of several hypotheses—frozen ocean, 
temperature gradient within the Martian crust, 
impact by meteorites,. Dirac hypothesis, necessity 
of a watery environment, for the origin of life— 
makes it a possibility that cannot be ignored. 

What we need: now is a closer look at the red 
planet. With the best telescope, under “good: see- 
ing” conditions, Mars at its closest approach..ap- 
pears to a terrestrial observer as if seen with 
the naked cye from a distance of about 300,000 
km; By means of the.newly developed image tube, 
this might bé shortened to one-third. But Martian 
probes, such as the Mariner now on its way, may 
‘soon decrease the photographic distance to 10,000 
km or Jess. Photographs revealing the color (whit- 
jsh). at'the bottom of impact craters and of fissures 
may hold the key to the Martian hydrography, aud 
consequently to a possible extension of the Mar- 
tian’ biosphere into underground regions. 
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ATMOSPHERES OF EARTH AND MARS IN 


THE LIGHT OF RECENT PHYSIOLOGICAL CONCEFTS 


By 
H, Strughold 


A. comparative study of the physiological qualities of the 
terrestrial and Martian atmosphere is of interest for two reasons: 
first, it clarifies the real physiological properties of the oft- 
discussed Martian atmosphere, especially when viewed in the light 
of modern biological aspects of the terrestrial atmosphere; and 
second, it demonstrates what strange and ~ so-to-speak - extra-~ 
terrestrial conditions are encountered in present day high altitude 
flights. 

A new concept has been recently developed from the biological 
and technical point of view with regard to the classification of 
the terrestrial atmosphere, According to this concept a transition 


zone between the atmosphere and free space must be recognized. 


TansitiLon zone 18 characterized by the rac a e various 
functions which the atmosphere has for man and craft cease at 
various altitudes and those factors typical of space come into play, 
one by one, and finally dominate the field. A symposium, devoted 
entirely to the discussion of physics and medicine of this transi- 
tion zone, was held recently. 

This discussion will be confined to the functions of the atmos- 
phere, resulting from its oxygen and barometric pressure, Figure 
1 shows that the first marked signs of oxygen deficiency - or 
hypoxia - manifest themselves at a barometric pressure of 450 mmo 


Hg (12,000 feet), and that at 300 mm. He (21,000 feet) they reach 


Page 063 


se Bee 


a critical level. Hypoxia is again faced in breathing pure oxygen 
at a barometric pressure of 150 mm. Bg (36,000 feet). If the air 
pressure is decreased to 80-87 mm. Hg (50,000 feet), it then equals 
the level of the sum of carbon dioxide pressure (35 to 40 mm. Hg) 
plus water vapor pressure (47 mm. Hg), which exists within the 
alveoli of the lungs, Thus the 50,000 foot or 15. km level may be 
considered as the beginning of complete oxygen lack - or anoxia. 
Above this point the "time of useful consciousness" after explos- 
ive decompression, is reduced to about 15 sec and remains constants 
So much for the oxygen component of the air pressure. 

Apart from the effects caused by the decrease in oxygen 
partial pressure in the inspired air, the barometric pressure curve 
in Figure 1 shows two more distinct points, viz., (1) the occurrence 
of dysbaric symptoms such as aeroembolism at a pressure of one-third 
of an atmosphere, or 250 mm. Hg (24,000 feet); and (2) the boiling 
of body fluids at normal body temperature (37°C). As soon as the 


air pressure decreases to 47 mm. Hg, this latter effect of decreased 


barometric pressure must be reckoned with, since it is the water 


i 

vapor pressure of body fluids at 37°C. Below this level, barometric 
{ 

pressure iS unable to maintain water of 37°C in the liquid phases i 


This pressure corresponds to an altitude of 63,000 feet or 19 km. 


This survey demonstrates that - at certain pressure levels 


i 
i 
! 
i 
i 


~ the functions of the atmosphere, viz., those of supplying air for 

breathing purposes and sufficient pressure to maintain body fluids 

in the liquid state, have reached their physiological zero-point. 
Since there is no difference in the effects found at 


these corresponding altitudes and in those found in free space, 
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they have been designated as space equivalent altitudes. While 


the previously mentioned factors of the atmosphere become zero, 
other factors - being attributes of free space and depending upon 
the vanishing atmospheric filter function ~ increase more and more 
until they finally attain the proportions of their occurrence in 
free space (heavy primaries of cosmic yadiation, ultraviolet part 
of solar radiation, and meteorites). 

These space equivalent conditions within our atmosphere in- 
deed represent a characteristic transition zone between the atmos~ 
phere and free space. The atmosphere is no longer an effective 
one, nor is it yet free space. Rather, it represents a pseudo- 
atmosphere or a kind of prespace. Viewed from outside the earth, 
it represents a kind of preatmosphere. For this reason a special 
term "the aeropause" was recently suggested by K., Buettner for 
this particular zone of the atmosphere. In this way we replace 
the conventional topographical concept of a sharply defined border 

————hotween atmosphere and space With Whe TUNCTIONST Concepts ofa ——— 
broad border zone, This zone in which the various functions of 
the atmosphere cease, begins at about 50,000 feet or 15 km, cor~ 
responding to a barometric pressure of 86 to 87 mm. Hg. 
In view of this functional consideration of the terrestrial 


atmosphere, the problem of the physiological qualities of the at- 


mosphere of the planet Mars presents itself in a new and very 
interesting light. 

The following are some of the physical data of this atmosphere, 
contained in recent important reviews and books in astronomical 


literature, The air blanket on Mars is optically traceable up to 
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an altitude of 100 km. In his recently published book "Phe Planet 
Mars", de Vaucouleurs discusses the reliability of the various 
values found in the literature for the barometric pressure on Mars. 
The estimations made during the last 15 years point to the value 

of 90 mb or 70 mm Hg as the most probable one. Oxygen is not pre- 
sent in the Martian atmosphere. However, carbon dioxide has re- 
cently been detected. The same holds true for water vapor. The 
main constituents are probably nitrogen and argon. The temperature 
on Mars can reach 30°C on the side exposed to sunlight, however, 

it drops during the night to -60°C or -70°C, 

This data may be sufficient for our consideration. Compared 
with our own atmosphere, the Martian atmosphere at surface level 
with a pressure of nearly 70 mm. Hg, corresponds to an altitude of 
17 km or 56,000 feet. It is justifiable to use this level as a 
base line for the pressure altitude diagram of the Martian atmos~ 


phere, drawn in the pressure altitude of the terrestrial atmosphere, 
tN nnn 
a5 Stown in Figure I. the Martian air pressure curve 18 taken 


from the book of de Vaucouleurs. Conditioned by the lower gravity 
on Mars (38 percent of thet of terrestrial gravity) the pressure 
decreases more slowly with increasing altitude than that of the 
terrestrial pressure curve. Therefore, above a certain level (about 
30 km) the air pressure on Mars is higher than that at the same 
altitudes above the earth's surface. 

Turning to the physiological properties of the Martian atmos= 
phere we recall that there is no oxygen on Mars, This means anoxia. 
Even if the atmosphere of Mars consisted of pure oxygen, it would 


still mean anoxia for a human or a warm-blooded animal, because the 
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pressure lies below 80 to 87 mm of mercury - the sum of carbon 
dioxide pressure and water vapor pressure in the lungs. On Mars; 
a pressure suit containing pure oxygen must have a pressure of at 
least 3 times the air pressure on the Martian surface, in order to 
provide sufficient oxygen for respiration. From a physiological 
standpoint, it is devious to use the term "atmosphere™ when refer~ 
ring to the airblanket on Mars since the true meaning of the Greek 
word “atmos" is "breath". The airblanket on Mars actually repres~ 
ents a pseudoatmosphere. 

On the. surface of Mars, the boiling point of water is at 43°C, 
however, this temperature is never reached. The highest temperature 
measured above the green areas in the tropics on Mars is about 30°C. 
As already stated, the vapor pressure of water at 37°C and that of 
the body fluids, lies at a pressure of 47 ma. Hg, which corresponds 
to an altitude of 63,000 feet on earth. The analogous level in 
the atmosphere on Mars lies at an altitude of not quite 4 km or 
abow 8 eevo 

In conclusion, it can be presumed that the space equivalent 
conditions concerning anoxia, and the boiling point. of body fluids, - 
are found at 50,000 feet and peyond in the terrestrial atmosphere. 
On Wars they begin at the surface. Thus the Martian atmosphere is 
nothing more than that zone in the terrestrial atmosphere which has 
just recently been termed as the"aeropause". With regard. to the 
previously mentioned functions, it possesses nearly the same physio-~ 
logical, or more precisely, ecological valences. This comparison 
makes it very clear that the Martian atmosphere, as physical envir~ 


ongent, is completely unphysiological for high living beings as we 
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know thea. We may make the cautious statement that lower organisms, 
which can survive the severe climatic conditions existing above the 
56,000 foot level of the terrestrial atmosphere, may also be able to 
withstand Martian. atmospheric conditions. There is, however, one im- 
portant difference. The temperature in the terrestrial stratosphere 
is constantly at about 55°C, This would indicate that active life 
of those micro-organisms that were found in this zone during the 
1935 ascent of the balloon EXPLORER II is not possible. On Mars, 
during the night, the temperature may drop even as much as 20 Cent- 
igrades lower. During the day, however, it may rise to 20 or 30°C 
in sunimer. This would permit active life during the day. The high- 
er carbon Gioxide concentration on Mars may make the ecological con- 
ditions favorable for photo~autotrophs, e»g., green plants. In this 
entire picture, however, the filter function of the Martian atmos- 


phere against solar and cosmic radiation and other extra-Martian 


factors, must not be overlooked. 


tive study attempted hére demonstrates most convincingly the extreme 
conditions with which the present day high altitude flier is con- 
fronted. It has been shown that the air pressure line of Mars at 
its surface must be placed into the region of 17 km or 56,000 feet 
of terrestrial altitude, This altitude is - so-to-speak - the Mars 
level within our own atmosphere, as referred to in Figure 2. To 
fly above this level would mean flying under Martian or Mars-equiva~ 
lent conditions. This in turn may serve to emphasize the importance 
of all types of protective measures and equipment for flights into 


the aeropause. 
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Physiologically speaking, on such flights the pilot actually 


enters the 


Figure 1 = 


Figure 2 - 


"Martian Zone” of our own atmosphere. 


LEGENDS 


The altitude-barometric pressure diagram of the 
Martian atmosphere projected into the altitude- 
barometric pressure diagram of the Earth atmosphere. 
The pressure curve of the Martian atmosphere is 
taken from S. H. Hess and G. de Vaucouleur, 


The atmosphere of Mars projected into the atmosphere 
of Earth on the basis of barometric pressure. ‘Shad- 
ing indicates the density of the air which goes ~ 
to some extent - parallel with the pressure. 
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Figure 1 - The altitude-barometric pressure diagram of the 
Martian atmosphere projected into the altitude= 
barometric pressure diagram of the Earth atmosphere. 


Figure 2 = The atmosphere of Mars projected into the atmosphere of 
Earth on the basis of barometric pressure. Shading 
indicates the density of the air. 
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Simulated Atmospheres and Foreign 
Environments in Space Operations 


A Symposium 


Exotic Atmospheres on Earth 


Hueertus Strucorp, M.D. 


i F a man who had lived some hun- possibility of an eventual approach to 
dred years ago were to return to other celestial bodies in the not too 
life again today and glance at the distant future requires a careful ex- 

title of this symposium, “Simulated amination of the ecological qualities of 


Atmospheres_and Foreign Environ-_ their atmospheres in advance. 
a5 ro = 7 - he physics oF 


ably would think that he had reached phere and its. biological functions are 
the wrong planet and might immedi- known to us. But what is not generally. 
ately disappear again to his super- realized is the fact that our atmos- 
natural environment. In fact, our pheres,’with respect. to. the life sup- 
occupation with simulated atmospheres porting elements, represents a closed 
per se indicates the revolutionary new- ecological system on a gigantic scale. 
ness in certain developments we are It is sealed off from the surrounding 
now facing, The coming penetration vacuum of space by the earth's 
of the extra-atmospheric regions of gravitational attraction. Only lighter 
the vacuum of space makes the study elements such as hydrogen and helium, 
of synthetic simulated atmospheres in if they réach the critical kinetic energy. 
a closed system urgent. Moreover, the level, can escape into space. In fact, 
: . : the high leakage rate concerning these 
Pha rep aro tiie sin eee pea latter elements is responsible for the 
Aero Medical Association, Washington, D.C. shift.of the chemical composition from 
we Streghold é s Advisor fog Research the lighter protoatmosphere dominated 
cine, Randolph Air Force Base, Texas. by hydrogen and hydrogen com- 
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pounds, which existed some two billion 
years ago, to the heavier present-day 
atmosphere in which the elements 
nitrogen and oxygen prevail. Our 
planet’ “Terra” with its gravitationally 
sealed ‘off atmosphere-is a giant space 
ship with 2.8 billion occupants re- 
volving with-an orbital velocity of 18.6 
miles per second around the sun. And 
what we must do, if we leave this 
mother space ship, is to simulate in a 
closed compartment all the life-sup- 
porting and life-protecting atmos- 
pheric fiinctions insofar as this is 
possible. In other words, we must 
create. for the two or three. space. 
travelers a. little earth—a terrella— 
which, of course, has no gravity of its 
own. Such manned sealed gondolas 
with simulated atmosphere have been 
flown high into. the space equivalent 
regions of the atmosphere in balloons, 
and rockets have carried animals tn 
climatized compartments, still higher 
and even in an orbit. 


In such closed ecological systems, 


concerned, we are interested in the 
most suitable air pressure and chemical 
composition, in the leakage rate, 
temperature, and humidity and odor 
control. 

Expressed in the language of 
ecology and logistics, the goal in the 
climatization. of the cabin is to attain 
a maximum éfficiency of the air re- 
generating devices, a minimum of 
volute and weight, and an optimum 
well being of the crew. Laboratory 
experiments, of course, have to- pave 
the. way for actual space operations. 
Such studies are carried-out in space 
cabin simulators. Fortunately, we can 
also resort to the long experience 
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with simulated atmospheres which 
Shave béen made in submarines. All 
these items will be discussed by other 
speakers. The presentations also will 
inchide. the climatization of the pres- 
sure suit. 


In space flights tasting days and 
weeks, and even some months, 
physical and chemical methods. will be 
used for the regeneration of. the 
cabin’s air. Our panel discussion will 
be confined to this type of regenera- 
tion. For space flight of longer dura- 
tions, of course, biological means of 
the photosynthetic type, either natural 
or artificial, will have to ‘replace the 
physical ones (recycling). 

Another important topic in space 
medicine, or bioastronautics, is that of 
foreign. environments, ie. environ- 
ments on other celestial bodies. There 
are two kinds of environments on the 
celestial bodies in our planetary 
system: non-atmospheric — environ- 
ments, and atmospheric environments. 
The first kind is found on our moon 


environments include atmospheres. We. 
can differentiate between two. basic 
types of atmospheres in our solar 
planetary system. First, hydrogen and 
hydrogen compounds, such as methane 
and ammonia, containing atmospheres. 
These reducing and reduced atmos- 
pheres are. found on the outer planets, 
ie., from. Jupiter to, Pluto. This was 
also the chemical composition of the 
primordial atmospheres of all our 
planets some 234 billion years ago. But 
on the planets near ‘the sun, these so- 
called protoatmospheres dominated. by 
hydrogen, due to the effect of solar 
ultraviolet radiation, in the course of 
many ‘millions of years have been 
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transformed into oxygen or oxygen 
compounds. containing atmospheres: 
Th other words, in oxidizing and oxi- 
dized ‘atmospheres these are found in 
three varieties: 


i, The atmosphere on earth, a dense 
oxidized ‘atmosphere with a high. content 
of free oxygen; 

2, The Venusian variety, a dense oxidized 
atmosphere: with non- or only small amounts 
of free oxygen; and 

3. The Martian variety, a thin, oxidized 
atmosphere also with only traces of free 
oxygen, 


Both of these planets have a high 
planetary: leakage rate and have lost 
their oxygen by escape into space, 
Venus due to its high temperature, and 
Mars due to its low gravitational 
force! 

Now space operations in the fore- 
seeable future will probably be con- 
fined to what we might call the oxygen 
belt of planetary atmospheres: The at- 
mospheric hydrogen belt from Jupiter 


of astronautics in the remote future. 
The moon, Mars, and Venus, there- 
fore, attract our immediate interest. 
A man on the moon is, of course, a 
man‘in a vacuum and requires respec- 
tive protective measures. On the low- 
Jands of Mars, such as in the area 
Trivium Chorontis, where the air pres- 
sure may be somewhat higher than the 
average 70 millimeter value, oxygen 
equipment with or without. pressure 
breathing may suffice for the periods: 
when the astronaut is outside the 
sealed compartment of his ship. 
Concerning the. possibility of in- 
digenous life on Mars, a new experi- 
mental approach has been made by 
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examining the behavior of terrestrial 
microorganisms under simulated at- 
mospheric Martian conditions-in small 
Mars chambers. Such experiments 
will be extended. under simulated at- 
mospheric Venusian conditions in 
Vents chambers. All. these studies 
with simulated, foreign environments 
aré,-of course, of greatest interest, not 
only from the standpoint of astro- 
biology, but also from the standpoint 
of general biology and philosophy. 

1 would like to ‘conclude my: remarks 
with the question: “Are there foreign’ 
environments, or approximations to 
them, on our earth?” 

There are the dangerous “fire 
damps” occasionally found in coal 
mines which consist of methane (30 
to 90 per cent), nitrogen (4 to 50.per 
cent), carbon dioxide (2 to 10 per 
cent) and oxygen (0 to 2.5. per cent). 
Such a composition shows features of 
Jupiter’s atmosphere and those of the 
atmosphere of Venus, 

‘The so-called soil atmosphere, found 


5 
concentration of oxygen and a higher 
concentration of carbon dioxide. This 
is a trend to the Venusian air, It also 
shows an enrichment. in methane ‘and. 
ammonia. These chemical constituents 
give the soil air, a protoatmospheric 
and Jupiter flavor. Greatly respon- 
sible for the chemical constitution of 
this micro-climate are bacteria. 
Finally, we find a type of atmos- 
phere resembling that of Venus in 
volcanic fumaroles, which are little 
craters, where carbon dioxide ‘has es- 
caped from the interior of the earth 
and has displaced the air on ‘the 
ground, because of its heavier weight. 
Such places are the Grotto del Cane in 
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Puzzuoli near Naples, the Moffetten 
(vents in the last stages of volcanic 
activity) on the eastern shore.of Lake 
Laath in the Rhineland, and the Death 
Valley on the Dieng Plateau in Java. 
Some lowér places in this valley are 
barred to. animal life on account of 


a4 


their carbon dioxide enrichment of the. 
air. Bodies of birds and mice are 
sometimes found in these areas; they 
died when they ventured into this toxic 
air. This shows that we have on earth 
places with an atmospheric environ- 
ment which has a touch of Venus! 
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Ecological Aspects of Planetary Atmospheres 
With Special Reference to Mars 


By H. Strucwoip, M.D., Pu.D. 


Department of Space. Medicine, USAF School of Aviation Medicine. 
Randolph Field. Texas 


URRENT KNOWLEDGE as 
C to the composition of the plane- 
tary .atmospheres is. reviewed in 
The. Atmospheres of the Earth and 
Planets, a book edited by P. Kuiper 
and published in 1947.25. -This com- 
parative astronomical ‘study indicates 
that only the atmospheres of Mars and 
perhaps Venus justify a comparative 
physiological and ecological study. Of 
special interest are. the findings’ that 
CO, and H,O.are present in the Mar- 
tian atmosphere and that the infra-red 
spectrum of the so-called green areas 
on Mars is compatible with the spec- 
trum of lower plants (lichens and 
mosses). 
The publication of the above-men- 


impetus to the 
sibility. of life on other planets. It is 
inspiting for biologists. to join such 
discussions originated by the astron- 
omers: Schiaparelli, and especially P. 
Lowell®® (see further, W. H. Picker- 
ing,** E. H. Mounder,* H. S. Jones,** 
G. T. Kuiper?® and G. deVaucou- 
Jeur.? 

Today ‘physiological and ecological 
considerations to this end can be de- 
rived from a rather broad background 
of knowledge, since during the last 
few decades. biology has made great 
progress inthe study of the limits and 
Stages. of life as a function of envi- 
ronmental conditions.2°5%°5 In partic- 
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ular, cold and hypoxia. have been the 
subject of intense research in: avia- 
tion medicine, #5:%4,77,35.4. On the basis 
of this present physiological experi- 
ence we are able to exclude some man- 
ifestations of life and to consider oth- 
ers as possible on other planets. 

This undertaking presupposes the 
assumption that the laws of biological 
Processes are the same throughout the 
universe, and that the structure. of liv- 
ing matter is based on the carbon atom 
and its unique cfremidal~ properties. 
Certain other assumptions — taking 
silicon to be the base atom, for in- 
stance—would trespass the bounds of 
sound speculation. 

In this study we shall confine our- 


as we know them, and to apply to the 
physical environment. on other planets, 
the yardsticks of physiology and 
ecology as they are valid. on earth? 
In doing so we can estimate the extent 
to which life on other planets is pos- 
sible. At the same time we arrive at 
a better understanding of the limita- 
tions and: abundance of life on our 
own planet. 

In addition to being of general sci- 
entific and human interest, this sub- 
ject is of special interest to aviation 
medicine and space medicine, two | 
fields of study vitally concerned with 
the. question of life under very ex- 
treme environmental conditions. No 
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planet offers a better stage for such 
physiological and ecological consider- 
ations. than does the planet. Mars. In 
this respect it is interesting to note 
that the Martian surface atmosphere 
has. some properties in common with 
the terrestrial atmosphere at an alti- 
tade of about 10 miles. 

According to common usage in ter- 
restrial ecology, we Shall study. the 
question concerning life on planets 
from the viewpoint of the “law of the 
minimum” (J. von Liebig"*) and the 
“principle of limiting factors” as has 
been elaborated by F. F. Blackman.* 
In their simplest form these laws state 
that the environmental factors—such 
as temperature, light, water, and chem- 
ical comporients of soil and air—im- 
pose limits to life by being either ex- 
cessively strong and abundant. or too 
weak and sparse. A certain minimum 
must be reached and a certain maxi- 
mum must not be exceeded ; only with- 
in these. limits can life exist and de- 
velop. Between these two cardinal 


condition or of a combination of such 
conditions, which is distinguished by 
being particularly favorable for the 
flourishing of life. Although. these 
cardinal points, as was found .later,? 
are fluctuating greatly in :relation to 
each other (“relatively limiting fac- 
tors”), in the following study these 
principles will be applied in their 
simplest form to the planets. and ‘espe- 
cially ‘to Mars. We shall confiné our- 
selves to two environmental factors, 
namely, temperature and oxygen.* 


*A A study including all environmental fac- 


tors (Radiation, HO, CO:,.O; and some un- 
usual constituents of planetary atmos; 


such-as NHa, CH,) will be published soon. 
Arun, 1952 


OVERALL ECOLOGICAL VIEW OF THE 
PLANETS FROM THE STANDPOINT 
OF TEMPERATURE 

Active processes of life such as 
growth, metabolism, activity, repro- 
duction, etc., take place. only” within 
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Fig 1. (Left Side) Surtace temperatar 
of the planets. (Right Side) Temperature 
scale of life. 


a temperature range (prevailing in the 
tissue). between a few degrees below 
the.freezing point of water and about 
+55° to 60° C. (Fig. 1). Above this 
temperature living matter is trans- 
posed into the state of “heat rigor” 
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and soon perishes. (dehydration, en- they also cover about 60 centigrades 
zyme inactivation, protein coagula~ of the cold range of latent life. The 
tion}. Only the thermophilic bacteria Martian temperature range with its 
are still capable of growing at tem- upper quarter coincides with the low- 
peratures up to 75° C.. Spores-of bac- er part of the biothermal band and 
teria and certain seeds can survive if covers more than 60 centigrades of 
exposed to temperatures of +120° C. the cold range of latent life. The 
for several hours. Below the minimum Jarger planets lie deep in the tem- 
temperature required for active life. perature range of latent life, in other 
lies the beginning of the lethal range words 150 to 200 centigrades below 
for most organisms; yet, as is known, the temperature minimum for active 
arctic plants survive temperatures life, 
down to —60° C. Thus it was found It may be added that the tempera~ 
experimentally, by immersing the ture of the moon varies between 
specimens in liquid nitrogen, oxygen, —150°.and 100° C, 
hydrogen, and even helium, that cer- In conclusion the following may be 
tain lower organisms such as algae, said: From the standpoint of tempera- 
bacteria, lichens, and mosses are ca- ture, Mars and possibly Venus* are 
pable, for weeks, of withstanding tem- the only planets, aside from the Earth, 
peratures closely approaching absolute which at present possess the. prereq- 
zero. The living matter is hereby  uisites of life, in our sense, In this 
transposed: into the state of “cold connection, it must be considered that 
rigor” which also can be designated in view of the large diurnal amplitudes 
as the state of latent or dormant life: of temperatures only eurythermal liv- 
Summarizing, we can state that there 
is no decrease of temperature capable __*In regard to Venus, H. Haber, (personal 
tora ving ater, provid te Sgn gv ote Pom sapeeg 
onset of cold follows certain temporal existence of life are fulfilled, Haber fur- 
patterns.26,20 ther thinks it possible that life attempts to 


: gain a first foothold on planets. within their 
If we now consider the temperatures atmospheres in the form of these. biological 
found on the surface and in the at- fergsols. There, life becomes a major factor 
mospheres of the planets,*? we see that tion of planetary atmospheres. As a conse- 
Mercury's temperature lies far above Sent {ht living matter alters, gradually i 
the maximum cardinal point, within changing the _itmosphere’s constitution, its 
<4, absorptive qualities ing solar energy, 
the. lethal range (Fig. 1). Venus with 30g its ores ‘radiation, entl Ike ad 
more than 100° C. in its lower at- finally succeed in developing explosively. 
mospheric layers and about —25° C. fend cing fo SF onpent ike does mot de. 
in its outermost stratum approaches. of a suitable avian, staat a 
ease : in rocesses 
biological’ temperatures only in cer~ in the atsosphere of a planet; inetead, life 
tain higher strata. The temperatures itself invades 2 planet and attempts to fora 
: an environment favorable for extensive de- 
found on earth ranging from —60° to Velopment, Inthe light of this concept, 
+50° 'C. cover the entire range-of ac- Venus and Earth can be considered as pres- 
tive life with its upper ‘half, while {utly being in different stages of develop- 
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ing beings. can exist on Mars, ie., 


toward certain lower organisms, such 
those which can resist changes of tem~- 


as algae, lichens, and mosses, which 
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tnvephiere of Mars, (After G de Vaucouleurs, ‘The Planet 
fondo: Faber and Faber, Ltd, 1950). 
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perature within a wide range. This are characterized by pronounced eury- 
physiological requirement atso points thermia. 
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POSSIBILITY:OF LIFE ON MARS AND. 
THE PROBLEM OF OXYGEN 


Mars might actually be considered a 
biophilic planet, in regard to tempera- 
ture, but its combination of ecological 
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conditions (Fig. 2)**5° shows a very 
weak point: Oxygen cannot be found 
in the Martian atmosphere.t> 


tPhysiologically Important Astronomical 


Data of Mars 

Period of Rotation 3 24. Hrs. 37 Min. 
2 Sec. 

Period of Revolution : 780: days: 

Acceleration of Gravity : 037 ¢ 

Solar Constarit 2 0.84 g cal/em? 
minute 

Temperature Range + 6 tot30°-C. 


Atmospheric Pressure —: 60 to. 80 millibar 


Oxygen Pressure Below 05 milli- 
bar, if any 

Carbon Dioxide Pressure ; Equal or even 
exceeding the 
terrestrial value: 


1m 


Oxygen, apart from carbon, is. the 
bicoelement par éxcellence because (1) 
on the average, oxygen makes up 60 
per cent of the living matter (water 
included) ; and (2) the most important 
energy source of the organisms is 
biological oxidation (aerobic respira- 
tion). Another source of energy, 
though less significant, is anaerobic 
respiration which requires no oxygen. 
However, the substances undergoing 
anaerobic respiration consist of oxy- 
gen, to a rather large part. 


THE VITAL OXYGEN MINIMUM 


The production of energy which is 
based on biological oxidation consumes 
large amounts of oxygen and requires 
a certain concentration of oxygen in 
the medium surrounding the organ- 
isms. For man, for instance, this con- 
centration must be of the order of 
5.5x10% oxygen molectiles per cm.* 
of air. Physiologically, this concen- 
tration or the corresponding pressure 
is likewise limited by a maximum and 


fe, 
ing we are mainly: interested in the 
oxygen minintum which is just: saffi- 
cient to permit a “vita minima.” 

For man the minimum oxygen pres- 
sure is about 65 mm. Hg (correspond- 
ing to an altitude of 7,000 m.) (see 
Fig, 3). Acclimatization to, altitudes 
of about 7,000 m. is possible for some 
time, as shown by experiments in low 
pressure chambers and various Hima- 
layan expeditions #4.7%929.2627,2041 but 
permanent: settlements are found up 
to 5,000 m. only (Andes). Thus, we. 
can conclude that the presence of man- 
like creatures on Mars belongs to the 
realm of fantasy, since the minimum 
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oxygen pressure required for man is 
at the least 100 times larger than the 
O,-pressure which may at best be pres- 
ent on Mars. 

It was found in decompression 


1926: October 21-28 


Opaque atmosphere and clouds 


on the oxygen-pressure demand of 
poikilothermic animals be performed, 
since many of the experiments and ob- 
servations made so far are only in- 
formative. Be that as it may, so far 


4926. November 1-5 


Clear atmosphere 


Fig. 4. Diurnal temperature variations in the southern tropical regions of Mars near mid~ 


summer of the southern hemispher 


Coblents at the Lowell Observato a 1926, 


London: Faber and Faber, Ltd, ‘I! 


chamber experiments that thé vital 
minimum oxygen pressure O: [O10 
thermic animals (monkeys, dogs, cats, 
rabbits, guinea pigs, rats, pigeons). cor~ 
responds to an altitude of 8,000 to 
12,000. m, i.e, barely less than “SO 
mm. Hg (Fig. 3). Poikilothermic ani- 
mals (reptiles, amphibians; fishes, 
worms, etc.) withstood. pressures be- 
low 50 mm. Hg down to 5 mm. Hg 
and less"? We know that a num- 
ber of animals of the lowest species 
can live without oxygen for quite 
some time, e.g., in deep layers. of stag- 
nant Jakes.2%°5 Oxygen-frée habitats 
are likely to develop jn’ ice-covered 
ponds and lakes, if therd is a‘ high 
oxygen consumption by-organisms. Itis 
necessary that systematic investigations 


Arar, 1952 


to the radiometric measurements of W. W. 
‘From G. de Vaucouleurs, The Planet Mars. 


as the animal kingdom is concemed, 
Oc) 

igher poikilothermic ani on 
must. be negated. in view. of the pre- 
vailing oxygen pressure. Arguing 
about the presence of lower species is 
futile because of the lack of ‘clues to 
justify such argumentation. 

There are clues, however—namely, 
visible ones—that suggest the possible 
existence of vegetation on Mars. 
These clues are the seasonal discolora- 
tions of the green Martian areas (Low- 
el?*) and the spectroscopic finding 
made by Kuiper.?* Accepting this 
vegetation hypothesis,?*** we are con- 
fronted with the problem of how to 
view it from the standpoint of physi- 
ology, since we must consider the ap- 
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parent lack of oxygen in the Martian 
atmosphere, 

It is true that plants-also respire and 
require oxygen, though they are able 
to switch to anaerobic respiration at 
any time.* There are plants which 
stop. respiration as soon as the oxygen 
pressure of the air falls below 1.5 mm, 
Hg. This. point is designated as the 
physiological.zero point of plant res- 
piration.2“*° For growth and develop- 
ment, plants generally need a higher 
oxygen pressure. Notwithstanding, 
Plants can overcome this difficulty by 
their-ability to produce oxygen through 
the process of photosynthesis; in this 
respect, plants are superior to animals. 
They ‘have their own oxygen generat- 
ors in the chlorophyll-containing chlor- 
oplasts.°°** As is. well known, photo- 
synthesis requires carbon dioxide and 
water as raw materials, as well as light 
and a certain temperature.** Do these 
factors reach or exceed the physiologi- 
cal minimum for the process of photo- 
synthesis. on Mars? 

irst_0} e_temperature_mini- 
mum for photosynthesis lies general- 
ly some degrees around the freezing 
point of water. Yet, in some arctic 
plants (lichens) a minimum of -20° 
C. has been observed. During day- 
time on Mars, these temperatures are 
exceeded by 20 to. 40°.1* (Fig. 4). ° 

Second, the minimum: of light is 
certainly exceeded, since the solar 
constant on Mars averages 0.84 g cal/ 
cm.? min. (40 per cent of the terres- 
trial solar constant). 

Third, the amoutit of carbon dioxide 
in the Martian atmosphere is, accord- 
ing to Kuiper, ‘higher than that found 
in the terrestrial atmosphere. 

Fourth, the presence of H,O on 
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Mars can be taken for granted. Still, 
the water question is possibly the 
weakest point in the combiration of 
conditions for photosynthesigon Mars. 

In short, if this last factor should 
not be definitely below the. minimum 
(see J. Franck"), photosynthesis (as 
we know it) should be possible oi 
Mars, since all other factors are ade- 
quate. Moreover, the combination of 
conditions for photosynthesis on. Mars 
is, on the average, farther away from 
the optimum than is that on Earth. It 
is, therefore, improbable, that plants 
of higher order—such as vascular 
plants—can exist on Mars because. of 
their higher demands -as to tempera- 
ture and humidity. Only lower plants 
which are very’ cold-resistant and 
drought-enduring (xerophytes) would 
be able to stand up against such cli- 
matic conditions. Kuiper’s spectro- 
scopic. observations suggest the pres- 
ence of lichens and mosses.** Lichens 
and mosses belong to the two lowest 
subdivisions in the plant kingdom, the 


lichens have some very peculiar char- 
acteristics (see monographs“***), They 
consist of two dissimilar organisms, 
a fungus and a number of algae (con- 
idia), living in symbiosis. The fungal 
component offers protection from-cold 
and supplies inorganic substances in- 
cluding water (because of the hygro- 
scopic nature of most fungi). The 
algal component builds up organic sub- 
stances and supplies oxygen through 
Photosynthesis: On account of this 
ideal" symbidsis, lichens are. very re- 
sistant to a dry and cold environment; 
they have hardly any demands. as to 
the substratum upon which they live. 
We find them growing on barks. of 
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trees, and even on the surface of rocks 
and monuments. In the subarctic zones 
they represent the chief vegetation 
(reindeer “mioss”). In the Hinalayan 
mountains they can be found at alti- 
tudes up to 5,000 m, In short, they 
are the “last outposts” of plant life 
in every direction. They can exist on 
bare rocks. because: of their ability to 
decompose rock by producing organic 
acids, In this way they are “pioneer 
plants,” preparing the humus for 
more demanding plants.* In the 
course of the Earth's history they may 
well have made the first start for 
vegetation that developed on barren 
volcanic rocks. This phenomenon can 
be observed, for instance, on the lava 
masses of the Sunset Crater in Ari- 
zona. 

Liverworts, the more primitive types 
of the ‘bryophytes, are almost as re- 
sistant as the lichens. 

In fact, from the biological point 
of view, it is tempting to assume—even 
if there 


post of life and the pioneer plants on 
other planets. 


INTERNAL ATMOSPHERE 


Terrestrial plants: have developed a 
mechanism which aids in’ the- process 
of respiration, transpiration and pho- 
tosynthesis. This mechanism, when 
applied to an oxygen- and water-poor 
environment. like that. on Mars, af- 
fords a further support for the hy- 
pothesis of Martian’ vegetation. It is 
the phenonienon of the “internal at- 
mosphere.” As is well known, the 
microscopic picture of the thallus of 
lichens (Fig. 5) and liverworts and. 
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is no oxygen as on Mars, for 


that of the leaves of higher plants 
show intercellular air spaces. Especial- 
ly pronounced:is this manifestation in 
the leaves of plants submerged in wa- 
ter. This system of intercellular air 


Fig. 5. Cross section through the thallus 
of a lichen; 175 times. (After Rosendahl, 
from Fr Tobfer, Berlin: Verlag Born- 
traeger, 1925). 


spaces is also called “aerenchyma.” The 
maze of intercellular air passages. is 
so widely’ spread. that practically each 
cell of the parenchyma is in coritact 
with the internal air. On account of 
this spongy structure, the inner sur- 
face of a leaf is much larger than the 
outer one. The ratio of inner to outer 


tercellular air spaces are in contact: 
with the ambient air through pores or 
stomata. There are several. hundreds 
of such pores per square. millimeter 
of the upper or under leaf surface, re- 
spectively. Referring to lichens, some. 
of these plants are equipped mainly 
with primitive openings called “cy- 
phellae” (Fig. 5). 

The physiological significance of 
this intercellular airing system is ob- 
vious. Not only is the area of ex- 
change between leaf and environment. 
jncreased enormously—a fact remind- 
ing us of the surface area of the pul- 
monary alveoli (= 100 square meters) 
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—there has also been created a kind 
‘of eridoatmosphere, or internal atmos- 
Phere. It is-this. “private atmosphere,” 
not the ambient air, with which the 
cells are in direct gas exchange. The 
microclimate with which the plants 
supply themselves is more apt to meet 
the requirements in regard -to environ- 
mental conditions (for instance, wa- 
ter vapor and oxygen).. Analyses of 
the intercellular air revealed that their 
oxygen content may amount to 30 to. 
60 volumes per cent." Hence the air 
‘space servés to store the surplus oxy- 
gen produced by photosynthesis. In 
this way the system of intercellular 
air spaces. facilitates the existence of 
plants in an oxygen-poor or oxygen- 
free environment (submerged. water 
plants), Suppose the micromorpholog- 
ical structure of the hypothetical 
Martian plants had developed accord- 
ing to similar lines, then the objec: 
tion that can be advanced against the 
existence of vegetation in an oxygen- 
free Martian atmosphere would lose 


life could be visioned as follows: 

Active plant life on Mars could be 
possible only on that side of the planet 
exposed to sunlight, as soon as—after 
suririse—the combination’ of environ- 
mental conditions within. the internal 
atmosphere becomes adequate. After 
sunset: the plants would retum to 2 
dormant state. Plant life would then 
be photorhythmic—without light, no 
active life. 

Perhaps, during the Proterozoic era 
on Earth, the first primitive life was 
intermittent in a similar way. Today, 
the terrestrial plants have an oxygen 
reservoir of 12-10 g within the 
atmosphere, so they can continue 
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breathing during the night. However, 
plants. existing in an oxygen-free at- 
mosphere, such as. on Mars, ate forced 
to live on the “current production” of 
oxygen. They consume the oxygen in 
“stat nascendi,” or take it from the 
small stores of their microclimate. 
After sundown, the plants return ‘to 
a state of latent life on account of the 
cold. In an oxygen-poor or oxygen- 
free. milieu, the.combination of dark 
plus: cold seems to be more adequate 
from the physiological viewpoint than 
darkness. plus higher temperatures, In 
the latter case plants can develop, in 
general, only if the ambient atmos- 
phere—like that on the Earth—con- 
tains oxygen in amounts sufficient for 
respiration at night. Vegetation on 
Mars absolutely requires cold nights 
in view of the hypoxia—or better even, 
anoxia—existing on this ‘planet. 
From the physiological standpoint, 
therefore, the assumption of a Martian 
vegetation does not create insurmount- 
able difficulties. This is particularly 


$0 if due ¢ tion h 
relativity of the physiological combi- 
nation. of environmental factors, as 
well as to morphological and function- 
al adjustments of the living organisms 
to extreme environmental conditions, 
as are found in great variety in terres- 
trial biology. When considering these 
facts, the oxygen problem offers few- 
er difficulties than is frequently as- 
sumed. It is not oxygen, but carbon 
dioxide, that is the “conditio sine qua 
non” for vegetation. 

The problem of the presence of oxy- 
gen in the Martian atmosphere might 
be: formulated from the physiological 
‘point. of view as follows: 

Although, according to the findings 
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jn astronomy, Mars practically dees not 
have any atmospheric oxygen, from 
the aspect of physiology there might 
be an. oxygen layer within the vege- 
tative substrate. which, at adequate 
temperature and. humidity, moves 
arotnd the planet together with the 
sunlight. 

In regard to Haber’s hypothesis 
concerning’ the possibility of life in the 
Venusian atmosphere, the biological 
aerosol within the proper layers of 
the ‘atmosphere of this planet also 
could benefit from a similar morpho- 
logical structure that permits forma- 
tion of an ‘internal atmosphere by 
drawing oxygen from the ambient 
carbon dioxide through the process of 
photosynthesis, 

In concluding this subject, I want 
to thank Dr. Heinz Haber for his ad- 
vice in. pertinent astronomical ques- 
tions and for very informative discus- 
sions, 


life on other planets has been ap- 
proached under the aspect of princi- 
ples of physical and physiological 
ecology such as the principle of limit- 
ing factors, adaptive processes, et cet- 
era. The discussion has been confined 
chiefly to temperature and oxygen as 
ecological factors. 

Comparing the scale of bio-tempera- 
tures with the temperatures found on 
the surfaces and within the atmos- 
pheres of the planets we find that only 
Mars and, possibly, Venus are left 
as: ecological ‘spaces since their range 
of temperatures partially covers the 
“thermo-band of active life.” 

Further discussions concem the eco- 
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logical properties of the Martian at- 
mosphere emphasizing the oxygen 
question in terms of the minimum 
pressure of O, required. for living 
beings. So far as plant life on Mars 
is concerned the minimum of environ- 
mental factors required for respira- 
tion and photosynthesis: has been dis- 
cussed at some length. Emphasis is 
given to. the importance of certain 
manifestations of adaptation of the 
microscopical structure of plant tissue 
such as intercellular air spaces, which 
—providing an “internal. atmosphere” 
—could considerably facilitate the ex- 
istence of plant life within a milieu 
free of oxygen such as on Mars. The 
assumption of such adaptive mor- 
phoses to have taken place in the hy- 
pothetical Martian vegetation would 
diminish physiological objections that 
can be advanced against its existence. 
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Atmospheric Space Equivalence 
By H. SrrucHoxp, Pa.D., M.D. 


Department of Space Medicine, USAF School of Aviation Mi edicine, 
Randolph Air Force Base, Texas 


N ALL FIELDS of science, 2 
clear definition or concept is 
sometimes just as valuable as a 
successful experiment, for both re- 
search and teaching. This is especially 
true in scientific fields which are apt 
to invite wild speculation from, the 
outside—such as that of space flight. 
In this field, the concept of the func- 
tional borders between atmosphere and 
space, which was. developed by mem- 
bers of the department of Space Medi- 
cine, USAF School of Aviation Medi- 
cine, Randolph Field, Texas, in 1950, 
has proven to be very fruitful and en~ 
lightening. 
It is based upon consideration of 
the various functions of the atmos- 
phere as a whole with respect to 


tudes where these various functions 
cease, we meet the respective. func- 
tional borders of space. They are not 
found on a. single topographical line 
at the outer limits of the atmosphere 
as defined by astrophysics (about 600 
miles),"* but rather at various altitude 
levels, 

The concept of these functional 
borders also led to the term “‘aero- 
pause” (K, Buetiner).** This com- 
prises the entire area. of. the atmos- 
Phere within. which the functional 
borders of space are found, -starting 


Condensed ‘from 4 speech given at the 
Fifth Congress of the. International Astro- 
uiautical Federation at Innsbruck, Austria, 
Augnst 2-8 1954, 
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above 50,000 feet. The value of an 
approach of this kind lies in the fact 
that it clarifies the belief that in the 
upper atmosphere we deal with a 
radically different environment, com- 
pared with the familiar one encount- 
ered. in the conventional flight zones 
including the lower part of the stratos- 
phere." 

In this paper the term “‘space equiv- 
alent” will be used to denote the con- 
ditions found in the stratosphere and 
the upper atmosphere.*? The applica- 
bility of this concept partially over- 
laps that of the functional borders of 
space. For the most part, however, it 
is broader. We.can associate the term 
“space-equivalent” with certain levels 
in the atmosphere that are 


we can apply it to the entire region 
above the functional borders of space. 
Further, it can be applied to condi- 
tions which are not confined to any spe- 
cific level or border—such as the zero- 
gravity state. And finally, because the 
term “equivalent” is found in many 
languages, it is well understood inter- 
nationally. (French: équivalent & 
Yespace; German: Weltraum Aquiva- 
lent; Italian: equivalerite allo spazio; 
Spanish : equivalente 4 los espacios. ) 
In this broad range of applicability 
the concept of space-equivalence is 
especially apt in showing how far we 
have actually come toward the con- 
quest of space. In the discussion that 
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follows, emphasis will be given to 
those space-equivalent conditions 
which are physiologically of decisive 
importance. 


Oxygen: As has been explained in 
several papers," the atmospheric 
function of contributing to respira- 
tion ceases when air pressure drops to 
87 mm Hg, because’ of the peculiar 
chemical composition of the alveolar 
air.t This is further supported by the 
fact that the time of useful conscious- 
ness (of man}*.and the survival time 
(of animals) ,?"* after an explosive de- 
compression to or below this ait pres- 
sure, show a constant minimal value. 
At the corresponding altitude of 50,- 
000 feet, therefore, we are beyond the 
yange in which atmospheric oxygen 
contributes to respiration. We have 
reached the physiological zero-point in 
the oxygen pressure of the atmos- 
phere, even though oxygen physically 
is still found there. The situation is 
the same as if we were surrounded 


fore, at 50,000 feet or above, we face 
a space-equivalent condition physio- 
logically with regard to oxygen.” 


Liquid State of Body Fluids: It has 
been shown experimentally that the 
body fluids of warm-blooded animals 
start to boil at an air pressure of 47 
mm Hg.* When this happens, the 
barometric pressure is equal to the 
sattrated vapor pressure of body 
fluids. at 37°C. At the corresponding 
altitude of 63,000 feet, then, we are. 
beyond the range of air pressure which 
is necessary to keep our body fluids. 
in the liquid state. Here we have 
reached the physiological zero ‘of air 
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pressure even though physically there: 
is still some pressure left. It is the 
same’as if we were. surrounded by no 
pressure at all, as in space. Thus, at 
63,000 feet and beyond, we are under 
space-equivalent conditions physiolog- 
ically with regard to barometric pres- 
sure, For more detail, especially con- 
cerning variations, see Reference 1 and 
Reference: 5. 


Necessity of a Sealed Cabin: At an 
altitude of about 80,000 feet we re- 
quire a kind of cabin which is the pro- 
totype for future space ships or artifi- 
cial satellites.. This is the sealed cabin. 
It becomes necessary for the following 
reasons? 


1. Technical. Due to the low air 
density, compressing the ambient air 
with present-day equipment is tech- 
‘nically prohibitive. 

2. Thermodynamic. Compressing 
the rarified ambient air toa physiolog- 
ically useful range would produce a 


cabin, and such temperature would be 
intolerable for the occupants.** 

3. Toxicological. Ozone, and pos- 
sibly other irritating chemicals, would 
be drawn into the cabin by an ordinary 
compressor at these levels of the at~ 
mosphere. 

For all. of. these reasons. the con: 
ventional. cabin, pressurized with air 
from outside, must be replaced by a 
sealed cabin, pressurized entirely 
from within. The need for such a 
cabin is itselfa space-equivalent con~ 
dition. For,. above the level. where it 
becomes necessaty, the atmosphere is 
just as useless for pressurization pur- 
poses as is the vacuum of space. 
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The three space-equivalent condi- 
tions which. we have discussed so far 
are caused by the loss of properties 
intrinsic to the atmosphere. Now jet 
us consider some space-equivalent 
conditions which are the result of ex- 
traterrestrial factors originating in 
space itself : radiation and meteors. 


In the lower regions of the. atmos- 
phere these extra-terrestrial factors 
either are not found at all or have 
changed their original form by inter- 
action with the ‘atmosphere itself. 
However, at higher altitudes. they ap- 
proach increasingly toward the full 
force of their. solar or cosmic origin 
and finally create space-equivalent con- 
ditions of their own, still within the 
atmosphere, 


Cosmic Rays and Meteors: Most 
frequently. discussed among these ex- 
tra-terrestrial factors, are the primary 
cosmic rays (especially their heavy 
components) and meteors. The upper 


000 feet.? The same limit for meteors 
is at 400,000 feet.1»2 


In the vicinity of the earth, however,. 
we are protected from half the fotal 
of both kinds of matter by the bulk 
of the Earth itsélf. Under these cir- 
cumstances we may better speak. of 
semi-space equivalent conditions. Oth- 
er variations in their intensity should 
be noted. Among these is the effect 
of the earth’s magnetic field on cosmic 
rays'below.a certain magnetic rigidity. 
Another is the effect of the Earth’s 
speed on the collision energy of mete- 
ors. These effects have been discussed 
elsewhere. 
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Ultra Violet Radiation. The space- 
equivalent. altitude for the sunburn 
producing ultra violet band of solar 
radiation (3,000 to 2,100 A). lies 
above the ozonosphere at. 140,000 feet. 


Scattering of Visible Light. More 
important physiologically may be the 
loss of the atmosphere’s power to: scat- 
ter visible light, resulting in the so- 
called twilight or darkness of Space. 
This space-equivalent level is reached 
at about 400,000 feet. 


Propagation of Sound Waves, Tt 
may be noted here that, at about this 
same level, propagation of sound 
waves becomes impossible. This 
silence of space is reached when the 
free pathway of molecules: in the air 
becomes of the order of the wave- 
length of sound."¢ 

All the space-equivalent: conditions 
which we have discussed so far, with 
their variations, have one thing’ in 
common. They are found‘at certain 

Jovele—of 
mosphere. Their effects would ovcur 
even in a vehicle floating freely or at 
rest—if such a thing were possible— 
at the respective altitudes where they 
are found. Hence, these may be called 
Static space-equivalent conditions. 


The Gravity Free State. One im- 
portant space-equivalent condition: oc- 
curs within the atmosphere, however, 
as-a direct result of the yehicle’s own 
movement. This is the phenomenon 
of weightlessness, or the gravity-freé 
state.2#° 

It is true that the force of gravity 
decreases with the inverse square of 
the distance from the earth's center. 
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At a height of 4,000 miles above the 
earth’s surface, or twice the earth's 
radius, itis only 34 what it is on the 
ground; at 8,000 miles it is only 1/9, 
and so on, Ata distance of 36,000 
miles it is reduced. toa mere 1/100. 
The near gravity-free state at this al- 
titude is indéed’a static condition. But 
it could only be valid for a supported 
body—one lying, for example, on a 
tower 36,000 miles above one of the 
Earth’s. poles, if such a thing were 
conccivable. In practice, no one could 
ever experience this condition. 


With a'vehicle in flight, however, 
the situation is quite different.°"® Sub- 
gravity and. zero gravity can then be 
produced at any height. The effect is 
produced by the. motion of the vehicle 
itself when the force of inertia, or 
centrifugal force, counterbalances the 
gravitational force of the earth. Ex- 
amples are found in certain parabolic 
flight maneuvers, in the orbit of an 
artificial satellite, or in a free fall. 


of the physical universe. Nor is there 
any point in. space where the gravita- 
tional field of the earth—or of any 
other matter—ceases to. exert some 
force, however small. Hence, the con- 
cept of static gravitational space- 
equivalence is purely theoretical, and 
of.no significance for us. 


But the concept of dynamic gravita~ 
tional space-equivalence, which op- 
poses one motion and one force against 
another motion and another force, is 
of the utmost importance to us. For 
it demonstrates. that, in flight, we may 
undergo an experience which is typical 
of space at any altitude, if only for a 
brief interval. 


The concept of. space-equivalence 
shows us where we stand today in the 
advancement of flight. In the area 
where we encounter one or seyeral— 
but not all—factors typical of space, 
we deal with a partial space equiva- 
lence. This region begins at 50,000 


ae : feet. Above 120 miles all’ the factors 
ee math these ener diietoh edeivei ght Te 
3a dynamic pr nomenon, not a static # 


one resulting from a topographical lo- 
cation. In an aircraft near the earth’s 
surface it.can be produced for a few 
seconds. In the upper atmosphere it 
can be: produced for several minutest 
Above 120 miles where atmospheric 
drag is insignificant, it can be produced 
almost indefinitely2* This is the near- 
est feasible orbit of an artificial satel- 
lite. In space, zero gravity is the 
typical gravitational condition of any 
moving body. Since it is produced by 
motion, it is a dynamic space-equiva- 
lent condition. 

No object in space is ever at rest. 
Perpétual motion is the normal state 
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if we ignore some minor variations, we 
face here a total spoce equivalence 
within-the earth’s atmosphere. 


Today's. manned rocket-powered 
eraft have already advanced well into 
the area of partial space-equivalence, 
passing beyond at. least three impor- 
tant space-equivalent. levels. Animal- 
carrying rockets have left nearly all of 
them behind. Unmanned two-stage 
rockets have penetrated deep into the 
region of total space equivalence. It 
will not be too. long before piloted 
rockets: enter that region too. Then 
the age of true flight in space will-be 
before us. 
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ATMOSPHERIC SPACE EQUIVALENCE—STRUGHOLD 


SUMMARY 


Within the astronomically defined 
extension of the atmosphere (600 
mi:), conditions are found that. are 
physiologically and/or _ technically 
equivalent to those existing in free in- 
terplanetary space. Thos¢ that ocenr 
at certain: topographically fixed levels 
of the atmosphere are termed. static 
space equivalent conditions, The lev- 
els where they begin are identical with 
the “functional borders” of the atmos- 
phere. Some of these space equivalent 
conditions are caused by the loss of 
certain vitally important atmospheric 
factors, which loss results in anoxia, 
boiling of body fluids, and the impos- 
sibility of utilizing the ambient air for 
pressurization of. the cabin. 

Other static space equivalent condi- 
tions are the result of the appearance, 
in full force, of certain extraterrestrial 
factors such as. cosmic rays, meteors, 
etc. These space equivalent conditions 
in the vicinity of the earth are affected 


The state of zero-grayity as. it is 
encountered in flight is defined as a 
dynamic space equivalent condition. 
This condition is not associated with 
any height or distance from the earth, 
Only its permanency requires a certain 
Jevel above the earth's surface. 

The concept of space equivalence 
clearly shows us, where we stand to- 
day in the advancement of flight. 
With regard to manned rocket-pow- 
ered craft, we are in the phase of 
partial space equivalence, where one or 
several—but not yet all—space equiv- 
alent conditions are encountered. Un- 
manned rockets have penetrated deep 
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into the region of total space equita- 
lence which for all practical purposes 
begins above 120. miles, if we ignore 
some minor variations caused by the 
vicinity of the earth. 
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By Hubertus Strugholdt 


Before Matiner 4’s historic 50-min flyby of Mars on 14 
July 1965, our knowledge of the red planet’s atmosphere and 
surface features was based on the telescopic studies (visual, 
photographic and spectrographic) of Earth-based astronomy. 
And before the availability of the telescope this wandering 
star—conspicuous because of its reddish colour—was: 
viewed as an ominous sign throughout the Middle Ages, 
dating back to the. ancient astrology of the Romans and 
Greeks who named it after their gods Mars and-Ares, respec- 
tively-—the symbol. of war, But Mars also was venerated 
as the patron god of agriculture. Strangely enough, this 
not-so-well-known symbolic association. with a peaceful 
occupation foreshadowed, so to speak, a modern aspect of 
Mars as 2 plantlife-harbouring. planet, inspired by telescopic 
observations of dark blue-greenish areas coyering about 25% 
of the otherwise ochre-reddish Martian surface. 

An even earlier (1877) report by Giovanni Schiaparelli 
(Milan) of his observation of canali on. Mars, led Percival 
Lowell (Flagstaff) to the assumption in 1910 that there were 
intelligent beings on that planet. This belief is no longer 
held, but the possibility of some vegetation on. Mars has been 
the subject of many publications.*"+.243* And since Mars, 
with the fast development of astronautics, is considered the. 
first planetary target for a. manned expedition,** an evaluation 
of its environment from a.human physiological or medical 
point of view has become an.important task2*** All these 
endeavours received strong impetus by the success of Mariner 
4, the results. of which have opened new vistas, have con- 
firmed older theories and have required. a revision of others. 

The following medico-biological evaluation of the Martian 
environment is ‘presented as we see it since the Mariner 4 
rendezvous, 

A medico-biological analysis of any planetary environment 
must include, the following components: the gravitational 
field; the magnetic field; the atmosphere; the stony surface 


The. lower altitude Jimit-for a, Martian parking ¢ 
a useful orbital fifelime for the pre-landing ma 
depends. on the extension of the mechanically ef 
sensible atmosphere. This mechanical border (FE 
is determined by the total. atmospheric. mass, gr. 


or lithosphere; the occurrence of water or ‘hydrosphere; temperature, which together are responsible for tt 


air pressure ‘and density and their vertical altituc 


and, finally, the possibility of the existence of native life, or a OnEarth, with gavity Ig and air pressure of 760 1 
jibar,-the-sensible.atmosphere-mani 


biosphere. Froma bioastronautic point of view, it is practical 


for the surface air pressure.on Mars ranged from 8? 
about 10 millibar.** But the radio occulation ¢ 
performed by Mariner 4 indicates that it-might' be 


trajectory in order to shorten the duration of the journey from 5 millibar.-*" In this case, the ‘border of the 
81 months to at least 30% of that time, which might be tmosphere might be somewhat lower than on E: 
achieved by novel types of propulsion. .A minimum in time, _‘mitting a parking orbit more favourable for viswal 
and optimum in comfort, is the medical. prescription for any tion and for Mars photography... But the landing w 
planetary journey to achieve a maximum of success. probably could not be accomplished by-aerodynami 
‘As soon as a spacecraft comes within one-half million - 4M parachutes as on Earth, but rather by retroroc] 
kilometers of Mars, it enters ‘its sphere of predominant the Moon; _ , 3 : 
gravitational ‘attraction or inner. gravisphere, and can go into At this point of powered flight, gravity again-ente 
parking orbit for observational tasks or for Janding man- _—-&f the “areonauts,” After brief deceleration durin; 
oeuvre preparation. Actually, the gravitational attraction of landing, following an interplanetary journey ¢ 
Mars gradually becomes noticeable in the vehicle’s trajectory 4econditioned from gravity but strengthened by an i 
and. velocity at several times’ this distance, as was observed exercise regime, they should have no serious cardi i 
with Mariner 4. problems in becoming reconditioned to 0-4: g,-the 
The question arises: Are there radiation hazards for an Surface gravity. Yt certainly should be easier t) 
orbiting vehicle from a Van Allen-type radiation belt? A returning to Barth from Mars. 
prerequisite for the existence. of a radiation belt woutd be a 


Martian magnetic field strong enough to trap particle rays. The Surface Environment 


i 

| 

| 

Since Mars, among the metallic-rocky inner planets, is Any astronautical landing mission has to be conce 

considered more on the rocky side, its magnetosphere if it the vital question of the physiochemical properti } 

exists atall should be weaker than that of the Earth, Mariner target’s atmosphere and its ecological qualifications | 
4 aiiswered-this question; its magnetometers and radiometers of environmental médicine. Mars’ medicine faces'tl 
measured no magnetic forces-and consequently no radiation ing situation. The chemical composition of the 
belts 22:2#.34 atmosphere includes nitrogen, carbon dioxide, a 
tracés. of oxygen, if any." This means it is not ar 
* Reprinted: from the Winter 1965~66 issue of “TRW Space phere” ‘in its literal sense, ie., breathing-air for te 
Log,” @ quarterly: publication of TRW Systems, Redondo Beach, Exposed to this kind of gaseous sphere they would.¢ 
California. complete anoxia. Furthermore, if the'surface air p 

t Chief Scientist, Air Force Aerospace Medical Division, 5 millibar is correct, as-indicated by Mariner 4, tt i 
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be equivaient to 35 km on Earth and consequently would 
cause boiling of the body fluids or ebullism, which in the 
Earth’s atmosphere occurs at 20 km. Assuming the earlier 
suggested pressure of 85 millibar, this would not happen 
below 5 km altitude. 

Be that as it may, the areonauts would have to. wear fuli- 
pressure suits outside the Martian Station during excursions. 
‘The ground station itself, of course, has to be a closed eco- 
logical system with an artificial stmoephere, Whether Ae not 
the nitrogen of the thin outside air could utili as ae sae . 
resource for the pressurization or the living quarters in the of Aviation Medicine at Randolph Field, Texas, whe 
‘Mars station and as a diluant of oxygen in’a two-gas atmos- named Chief of the Department of Space Medicine 
phere; and the carbon dioxide, in'addition to that exhaled by ‘formation in 1949. The Air University appoit 
the occupants, could be made: available for an oxygen- Strughold the first Professor of Space. Medicine in 19. 
producing photosynthetic system, is a bio-engineering prob- the. past four years he has held the position of Chief 
lem. ‘The possible availability ‘of water, the other base Of the Aerospace Medical Division at Brooks AFI 
material for photosynthesis, will be discussed Jater, (Nitro- 


HUBERTUS STRUGHOLD was born in German: 
and became a naturalized U.S. citizen in 1956. “He 
his Ph.D. from the University of Miinster and his M: 
the: University of Wiirzburg. Dr. Strughold c 
reséarch at Western Reserve University and ‘Chic: 
versity as a Rockefeller Foundation fellow, servei 
faculties of the universities of Wirzburg, Berlin and 
and was Director of the Aeromedical Research In 
Berlin. In 1947 he joined’ the staff of the Air Fore 


gen, too, is needed-by green plants in such a system, for the atmospheric ‘umbrella which’ is directly -hit. by + 
buildup of protein.) wind. On the Moon there is no protective envelope 

This photosynthetic process requires light, as the name ‘The terrestrial atmosphere. also protects ‘us. fro 
indicates: “There should be no problem in this respect, since meteoroids, «and only larger pieces of meteoritic 
solar illuminance can reach about 50 000 lux at noon in the reach the ground. On Mars even micrometeoroi 
equatorial regions, about half of the maximal value on Earth. reach its surface. Moreover, since Mars is very cle 

The Martian sky, as seen through the windows of the asteroid belt there should be many more impacts b 
station. or the visor of.the extra-stational suit, should appear meteroids than on Earth. This was suggested seve 


somewhat different from that on Earth. Its colour during ago by Clyde Tombaugh,™ Fred Whipple and E. 
the day is probably more dark.blue, due:to less. scattering of and now confirmed by the magnificent closeup pi 


light in the thin atmosphere, with a whitish-biue tinge in the. craters made. by Mariner 4. 

regions ‘of the white’ clouds which are comparable to our When we plan the landing manoeuvre’ of.a Mar: 
cirrus clouds, During the night the ‘stars might. be more. _we don’t need to worry about plunging into a Marti: 
brilliant, even if some of their light is reflected by the windows Tf we omit here the ice or hoarfrost-covered ‘polat 
or visors—and they would probably not twinkle. The size identified as H,O by G. P. Kuiper, there.are no op: 
of the Sun is about two-thirds of the diameter, as'seen from of water, 4.¢., no hydrosphere, or better, no visib) 
Earth. Looking directly into the Sun is not advisable since sphere, in contrast to the Earth—71% of whose tot: 


its retina-burning power reaches much farther than Mars— area is covered with water, The Martian surface, { 
possibly as ‘far.as Saturn, And, finally, the Martian day must be classified as lithospheric. 
‘ ight cycle—only 37 longer than that on Earth—will The lithosphere on Mars. represents an area of'14 
cycle problems. In. general, the hree-fifths of this area is reddish. in colo 
liist Tisccat 


trial visitors. overall relief is rather smooth, with some mout 

‘This is not the case for temperatures on Mars. Whereas, moderate altitude and some:lowlands. The reddis 
at.the top of the Earth’s atmosphere solar thermal irradiance considered to bé a huge monotonous. desert cove 
amounts to: 2 cal cm~*min=!, known as the terrestrial solar minerals (such as limonite—a hydrated iron ox 
constant, at the mean orbital distance of Mars it amounts to. felsite—an aluminium and potassium silicaté) whic. 
only'0:84 cal cm-*min™. As a result, the mean temperature course, of interest with regard to ‘extraterrestrial re. 
level'‘on the Martian surface is at least 20 C below that-on ‘The.dark areas, distinguished by conspicuous. topo 
Earth. During the day in summer the surface temperature and temporal. variations, have always  attractec 
in the equatorial regions may reach 25° C, which is ecologi- attention: ‘Their seasonal: colour changes, similar 
cally close to an optimum, but.after sundown the temperature. observed in terrestrial vegetation and pictured ir 
drops very quickly to —50° C and lower due to radiational impressive way in The Photographic Story. of Mars 
cooling. A summer night on Mars is always like an: Arctic Stipher2* ate the main reasons for the belief. thai 
winter night on Earth. But the-areonauts are protected in plantlife on Mars—a matter. of extreme philosop! 
their air-conditioned station. biological. interest.%.21,2492 


In addition to light and heat radiation, which are of the 


electromagnetic kind, we must also consider particle rays A Martian Biosphere? 


coming from the Sun and the galaxies. On. Earth we are There are pros and cons concerning a Martian b 

protected from some of these rays in their primary form by They can only be summarized. here: The. propon 

the trapping. and deflecting effect of the magnetosphere. their opinion on the seasonal colour changes from ¢ 

Those: particle rays which-reach the atmosphere are ‘trans- to green, to brownish and back to dark grey... Som 

formed in collisions with the air molecules to less. powerful ‘ents-explain the dark areas as products of volcanic. i 
secondaty and tertiary rays, to which we are exposed on the colour changes are interpreted as being caused by 

Earth’s surface. The particle rays'lead to an ionization.of the of some inorganic material to variations in humid | 
Farth’s upper atmosptiere and they produce, in addition to intensity fluctuations in radiation. Recently it | 

ultra-violet ‘rays, the: so-called ‘night airglow and the polar suggested that all.colour changes on Mars ‘can. be « 

lights. On Mars, with no magnetosphere, they uniformly by interactions of yarious-nitrogen oxides depending 

bombard its thin atmosphere from ali directions and might thermal and photic irradiance fiuctuations. Thes 

ionize it cotsiderably and produce airglow—but not polar considered to be present in the atmosphere and on th: 

lights. A.considerable amount of the primary ‘particle rays are toxic and would exclude piantlife.* But the o 

might reach the surface of Mars. On our planet we are tion of these-nitrogen oxides in the smog: over large 

protected. from primary particle: rays by a magnetic and Earth might be even higher, yet life is still going-or 

atmospheric umbrélla; on Mars only by a very thin high gear. 


Page 099 


Suppose there were intelligent creatures of high scientific- 
technologic level on Mars.and they were able to make spectro- 
graphic studies of the neighbouring blue-green planet Terra 
in the search for extramartian life—they too might detect 
nitrogen oxides in certain smoggy, foggy areas of Earth. 
‘They probably would come to the conclusion ‘that if there is 
life on Earth it could not be in. these foggy spots, which they 
might interpret as yolcanic eruptions; but, of course, they 
could not know that they are the product of many millions 
of exhaust pipes of vehicles of the highly mechanized ter- 
restrials. 

The blue-green colour is also considered to be a visual 
contrast phenomenon against the reddish surroundings. To 
some observers they always appear to be dark grey. But in 
this respect it must be said that a prerequisite for the relia- 
bility of any astronomical colour observation is medically 
tested normal ‘colour vision of the observer. We must 
remember that 7% of the male population are colour defective. 
The truth in this physiological colour dispute may lie.some- 
where in between: Visual contrast effects probably occur, 
especially if the areas are small, but the blue-green colouration 
of the large areas such as Syrtis Major is in all probability 
real, This is also supported by the observation of Tom- 
baugh, who recently reported that certain areas occasionally 
look dark when others look green, despite the fact that both 
aré surrounded by reddish areas. But green or not green, 
it is not decisive for life “to: be or not to be” on Mars. 

One of the: strongest points for a Martian biosphere was 
advanced 10 years ago by W. M. Sinton: the spectroscopic 
detection of absorption bands in the infrared, found only in 
the dark areas, which indicates the presence of organic 
molecules." However, ‘recently it has been argued that 
certain nonorganic compounds might show similar absorp- 
tion bands. 

The low density of a5 millibar atmosphere might not 
provide. effective protection from harmful. solar X-rays and 
ultra-violet rays, it is now argued ; but it must be remembered 
that solar irradiance at Mars’s distance is less than half of 

2 istanGonm—Fus 


resistance to ultra-violet radiation; moreover, it has ‘been 
reported in the bacteriological literature that ‘certain organ- 
isms are even stimulated in growth when exposed to low 
intensity ultra-violet radiation: 

All of this refers to the vast surface spaces of the macro- 
environment on Mars. But ‘ecologically more important 
are the more moderate conditions of the so-called micro- 
environment ; i:é., in valleys, craters, caves and the pores of 
the soil. And we must not forget the strong adaptive power. 
of life to extreme conditions: ‘Finally, it has. been demon- 
strated that numerous terrestrial organisms. can: live and 
‘survive under partially simulated Martian conditions? 

In summary, then, it is quite reasonable to accept the 
possibility or even the probability of the existence. of very. 
hardy organisms which can. adapt ‘themselves to extreme 
environmental variations: 


The Possibility of a “Hydro-Cryosphere” 

‘There is one. critical ecological factor which has not been 
mentioned: the low humidity in the Martian atmosphere 
which is estimated tobe 0-1% of the terrestrial atmospheric 
humidity. But in the Sahara and other deserts on Earth 
there is no great difference im this respect, and. yet botany 
knows of a. variety of “desert: plants.” Moreover, there 
is a hypothesis in this respect which should not be overlooked. 

Mars is generally considered to be a.“‘dried-out” planet— 
it has lost its ancient oceans. This is the textbook theory 
today: But around 1910 suggestions were made that these 
oceans are now frozen and covered with dust. And, in. 
Dr. Urey’s 1952 book, The Planets, H. E. Suess is quoted as. 
stating “that. substantial quantities of water may be buried 


under dust-and never become ydlatile at.the. low ter 
of parts of the planet.:”* This frozen-ocean theot 
has been revived and devéloped in more detail 

Davydov.?, He theorizes that there might be. as 
ice tayer 500 meters thick in the equatorial regions. 
this frozen conglomerate or “‘cryosphere,” water 
found in the liquid’ state due to‘an ‘increase of ter 
in the interior of Mars. And when. cracks in the 
occur, caused by marsquakes, water may reach. tl 
and produce Jocalized giant clouds and white stree 
lasting several days, as have been described by s 
pioneers as Lowell and Slipher: White. spots glitt 
ice-have been observed in the equatorial regioris by t 
ese astronomer Saheki.* In addition’ to. tectoni 
impacts by meteroids or even asteroids could be c 
‘as possible causes of craters and cracks in the so 
frozen hydrosphere or hydrocryosphere. 

In this connection, I should like to ‘call atten 
hypothesis which, might have some significance c 
the mysterious canals. According to P. A. M. E 
R.H, Dicke}? the gravitational constant has decreas 
the Jife of the solar system and continues to decrez 
has led to an expansion of the Earth causing “tensio 
or fissures on land and at the bottom of the. oceans, ¢ 
described by P: Jordan.* The splitting of two giar 
super-continents, called Gondwanaland. and Laur 
several secondary continents about one billion yeats 
widely separated by continental drift (A. Wes 
attributed to this gravitational phenomenon: 

It is logical to assume that'on Mars, too, this gra 
decrease has caused similar effects, namely: volume ¢ 
and tension cracks. And meteoritic impacts she 
produced in a crust of different layers, fissures of tre 
dimensions. This might well have been the m 
behind the dark spots called oases and the dark lin 
ings radiating from the dark spots over tremendous 
On Earth we: do: not find fissures radiating fror 
craters, probably due to the more or-Jess uniforn 

fort +f 


layer below the stony surface at the fime of the 
impact near Winslow, Arizona, some 5000 years 
surrounding area of the Barringer Crater might look 
today. 

That below-ground permanent ité can occur 
temperate zones has recently been reported-—d 
below a fava layer in the Mono Crater area east of 
National Park. 

By the way,.in the interpretation of the rilles on { 
photographed by Ranger 9, Dirac’s hypothesis certa 
be taken into account. This is of particular inter 
light of Thomas Gold's hypothesis that there mig 
ice table some 30 metres below the lunar surface. 

A subsurface ice layer.or hydro-cryosphere on Mi 
represent a hidden reservoir for continuously rep] 
small water vapour amount in its atmosphere. 
without it all water molecules might have disappe 
space in the course of millions of years as suggested 
Barabashoy.® This, of course, would exclude: 1 
pletely. The existence. of an. ice and water tablé 
would increase the humidity locally, ie., in and ai 
tmeteoritic impact craters ard. fissures, making tl 
logically more suitable. for the growth of 
Actually, it might be the soil’s humidity and veget: 
makes these: areographic features visual.in the first 
Earth-based optical astronomy. Furthermore, the 
tion of meteoritic impacts upon a lithosphericshy. 
spheric Mars crust would also explain the appez 
new dark green areas in hitherto reddish areas, su 
one. described by Slipher.® Moreover, if there is 
Jayer below the ice Iayer, then there could be in ad 
the surface biosphere, a-subsurface habitat for life. 
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It would not be difficult to imagine what kind of micro- 
organisms could exist in such an aphotic, hyperbaric deep-sea. 
environment. Life there could be based on chemosynthesis 
in contrast to that on the: Martidn surface, which might be 
based on some kind of photosynthesis: It is even conceivable 
that the paleobiosphere of the primordial Martian ocean has 
been preserved in this: subsurface water table. And it might 
not be too farfetched speculation that if life in the ancient 
and-now mostly frozen ocean has become extinct, there still 
might be remnants of it. in the form of pockets of mineral. 
oil such as petroleum. 

From the point of view of bioastronautics or space medicine, 
a subsurface ice layer or hydro-cryosphere would represent. 
a “gold mine,” logistically, for a Martian expedition. Water 
could be made available and oxygen obtained from the water 
by physicochemical processing, and thus a critical problem of 
extraterrestrial resources for life support would no longer 
exist. Moreover,. the oxygen and hydrogen obtained could 
be used as reactants in fuel cells for electric power production. 

‘The. question. of course arises where this hydro-cryosphere 
might be located. The logical answer is in all dark regions 
and in those in which oases and linear markings are obsetved. 
The dark. regions are generally considered to be depressions 
indicating old sea bottoms, but as Slipher has pointed out, 
it is not certain that they are really at a lower Ieve! or only. 
appear so: because of lower brightness.® If they. are low- 
jands, it does.not exclude them: as the regions: of the sub- 
surface ice layer. It might be that the sea level of the ancient 
ocean had become very low due to evaporation and escape 
of water molecules into space when the-ice age began. The. 
régions called “maria” then are correctly named, but. in the 
qualified sense that they are mostly permafrost water ice, 
covered by lithospheric material blown over them by dust- 
storms from the reddish plateaus, the actual Martian conti- 
nents. 

All of this might. be termed wishful thinking on the part of 
exobiology and bioastconautics, especially now in light of 
Mariner 4’s pictures. Their initial interpretation was that 


Picture 14 of the series. shows a bright region.in the nort 
part of Phaethontis. The area covered is about 170 'n 
west and 140: miles north-south. ‘The dark. spot (upper 
been interpreted by some observers as the shadow: 
cloud above, 


“the visible Martian surface is extremely old: and th 


‘emannmansenesnnnasarenatanmamenretnnmamnnesiatiamanatattrtainenatanmamntratanenmarnrnatanmanseenacamemennnanmane ttt 


Planet since the cratered suriace was formed,”!* 

But. according to other evaluations based on th 
crater formation and density, the surface of Ma 
graphed: by Mariner 4 is only about 300 to 500 mil 
old.4*5 According to E. Anders and J. R. Arn 
crater density on Mars no longer precludes the 1 
that liquid water.and a denser. atmosphere were p 
Mars during ‘the. first 3-5 billion years of its ex 
Thus the ancient ocean theory might be correct al 
might be that some 300. to 500 million years: ago. 
not-yet-red. planet entered a permanent. ice age 
frozen ocean, in ‘the course of millions of years 
covered by a deep layer of dust. which was then bc 
by numerous meteroids of the asteroidal type,. star 
the disruption of Planet X, the matrix planet of the 
This might be the face of Mars that we see today. 

Of interest. concerning atmospheric humidity are 
frost crowned craters in some of the Mariner 4. 
and a white spot with.a dark spot-at. oné side in } 
which looks Jike-a big'cloud casting a shadow :belc 
with regard to linear markings and Dirac’s hyp 
should like to: mention Frame 11 which definitely s! 
nearly parallel dark lines interpreted as a. rift ‘ 
E. Burgess.® 


Ninth picture secured by Mariner 4 shows Maré Sireni 
area covered is, about 170: miles. east-west and 160 mi 
south. ‘The border of Al/antis is in the Southwest cor 
frame, 

All pictures United States Informati 
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A Reconnaissance Renaissance for Mars 


There is no question that the Mars probes have started a 
renaissance in the reconnaissance of the red planet. But as 
G. de Vaucouleurs, internationally known Mars expert, 
Stated in a recent paper, “the closeup photographs must be 
evaluated partly in terms of Martian surface feacures that are 
already known to us." Tombaugh reported that he had 
found evidence of “‘canali” and oases in seven of the 22 
pictures. They coincide with markings he has seen in 
telescopic studies of the planet. JPL’s William H. Pickering, 
the pioneer genius behind the lunar and planetary probes, 
made. the remark that only 1% of the Martian surface has 
been covered by Mariner 4. Finally, in the interpretation of 
the photographed surface features, some methods of physio- 
logical optics may be helpful, such as comparison of the posi- 
tive with the negative pictures, intermittent exposure of them 
to the eye 3 ta 6 times per sec and the use of headborne 
binocular magnifiers, as used in opthalmolagy and dentistry. 

But the expfotation of what is behind the face of Mars, 
4e., below its surface, probably wilt remain a particular 
challenge for a manned Martian expedition. 
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described at a B.1.S. symposium in 
1964. Can we hear more about these, 
please? 

Whole. books have béen published 
quite’ recently about many of the 
subjects of the various chapters; but 
most of them are pretty expensive,.and 
this book provides a cheaper, if less 
thorough, alternative to buying the lot. 
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fal Flight. Edited by P: C. 
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Periodicals, 1965, 358 pp., $14-25. 

This collection of eighteen papers, 
originally presented at a Goddard 

Memorial. symposium in March, 1965, 

is claimed by its editor to give “a well 

rounded view of the great potential 
contribution.to'science . . .” of manned 


papers is fairly uniform, and, in content, 
unttormly high.. The-writing and pres- 
entation could be clearer in many cases: 
study of the works of the late Sir 
Ernest Gower should be-compulsory for 
ali future contributors. Otherwise, the 
only complaint which could be raised 
is that the view of the field is not very 
“well-rounded.” Of ‘the eighteen 
papers, only threetouch upon the life 
sciences at all; and the science of human 
behaviour gets scarcely a mention. 
Since ‘the book is: supposedly about 
manned flight, some consideration of 
human factors would have been appro- 
priate. 

With this proviso, the. coverage is RECEI 
wide and interesting, ranging from the 
usefulness of spectral reconnaissance 
for forestry to the establishment in 
orbit of large astronomical telescopes. 
Geographers hold out the prospect of 
really thorough world-wide mapping 
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is a successful production, wh 
research: library,. and. many i 
workers will warit to own, 
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community and student in general.” in their field. Meteorologists, of course, Measurement and Theory, 
Your unhappy reviewer has (pre- are. already benefiting’ from. orbital second comprising papers uv 


viously remarked how difficult it is to 
review collections of this kind. The 
present one: is, perhaps, less difficult 
than. most, because the standard of 


observation, but it is clear that they are 
only enjoying the merest foretaste of 
things tocome. None of this, of course, 


i 7 i teen. papers are 
will convince the want-wits who go 


heading of Radiowave Refi 
Observations. and Hypothese: 
included, 

illustrated and well presented. 
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Raumfahrtmedizinische Probleme 


auf dem Flugwege 


Prof. Dr. Hubertus Strughold 


Dank der relativ raschen Fortschritte auf dem Ge- 
biet der Astronautik befindet sich heute bereits als 
erstes postiunares planetarisches Ziel eine be- 
mannte Marslandung im Vorbereitungsstadium. Die- 
ser Vorsto8 tief in den Weltenraum schlieBt zahl- 
reiche, ber die Gesamtheit dieses Unternehmens 
erstreckende raummedizinische Probleme in sich 
ein, namlich: Die A 


Flug méglicherweise vorzunehmende medizinische 
VorbeugungsmaBnahmen, den interplanetaren Flug 
als solchen, die Skophysiologische Auswertung der 
Verhaltnisse auf dem Planeten, die physiologischen 
Lebensbediirinisse des Menschen innerhalb sowohl 
als auch auBerhalb der Marsstation, wohlbehaltene 
Riickkehr der Areonauten, und Auswertung Ger ge- 
wonnenen raummedizinischen Erfahrung fir zukiinf- 
tige Nutzanwendung. Der Akzent im Gebiete dieser 
Marsmedizin (' ?) liegt natiirlich auf den auf dem Pla- 
neten selbst herrschenden Verhaltnissen; der inter- 
planetare Fiug ais solcher jedoch erfordert gewiB 
ebenso groBes, wenn nicht gar noch gréferes medi- 
zinisches Interesse. In dieser Arbeit wird der Ver- 
such unternommen, die mit der Fiugbahn von der 
Erde zum Mars verbundenen medizinischen Pro- 
bleme aufzuzeigen. 

Wir werden alierdings hier nicht ndher auf GréBe. 
Konstruktion und Form des Raumschiffes, noch auf 
dessen biologisches Versorgungssystem eingehen, 
da heutige Konzepte, Material und Gerate in den 
nachsten zehn Jahren durch mehr fortschrittliche er- 
setzt werden mégen. Stattdessen werden wir uns 
auf mogliche Gefahren, die aus dem freien inter- 
planetaren Raum drohen und auf die Dauer der 


Prof. Or. med. et phil. Hubertus Strughold ist Chetwissenschaitler 
bei Aerospace Medical Division (AFSC), Brooks Air Force Base. 
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Raumreise mit ihren medizinischen 
konzentrieren, 


implikationen 


1. Die Weltraumverhdltnisse zwischen Erde und Mars 


Die bei interplanetaren Fliigen anzutreffenden phy- 
sikalischen Umweltverhaltnisse sind keineswegs 
iiberall und immer die gleichen — sie sind im Ge- 
; : Bs = 
elten und zeitliche Schwankungen bezug' 
Verteitung von Materie und Energie sehr unter- 
schiedlich gestaltet. Wir kénnen den Zweig der Wis- 
senschaft, der sich mit der Erforschung und Auf- 
zeichnung dieser unterschiedlichen Weltraumverhalt- 
nisse befaBt, Spatiographie nennen (in Analogie zu 
Geographie, Planetographie, Areographie usw.) 
Extreme Abweichungen von den normalen Welt- 
raumverhaitnissen auf der Fiugbahn kénnen Ge- 
fahren mit sich bringen. Die in dieser Beziehung in 
Betracht zu ziehenden Umweitstaktoren sind: Meteo- 
ritisches Material, energetische Strahlungspartikel 
solaren und galaktischen Ursprungs und elektro- 
magnetische Sonnenstrahlung. Hinter der topogra- 
phischen Verteilung der zwei erstgenannten stehen 
als wirksame Krafte die Gravitations- bzw. die Ma- 
gnetfelder. 
Fir die topographische Unterteilung des unend- 
lichen Plasmameeres des Weltraumes bieten die 
vorherrschenden Gravitationsfelder den logischen 
Ausgangspunkt. Bis zu einer Entfernung von 1,5 
Millionen km vom Erdmittelpunkt befindet sich das 
Marsschiff noch im Bereich des vorwiegenden 
Schwerkrafteinflusses, d. h. der Gravisphare der 
Erde. Nachdem das Raumschiff mit der dazu er- 
forderlichen Fiuchtgeschwindigkeit diese Schwer- 
kraftsgrenze Uberschritten hat, ist es nicht mehr 
unter dem EinfluB der Anziehungskraft der Erde, 
sondern bewegt sich nun innerhalb der Gravitations- 
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domane der Sonne, bis es dann in 0,5 Millionen km 
Entfernung vom Mars in die Mars-Gravisphare ein- 
tritt, Damit wollen wir es sich mit der Gravitations- 
Spatiographie bewenden lassen. 


Die Krafte der Gravitationsfelder Gben bekanntlich 
einen starken EinfluB auf kosmischen Staub, meteo- 
ritische Materie, und dergleichen aus. 


a) Meteoritengefahren. Zwei Arten meteoritischer 
Gefahren miissen in Erwagung gezogen werden: 
Erosionseffekte und Durchschlag der Raumschiffs- 
wand. Erstere, durch Mikrometeoriten hervorgerufen, 
kOnnen sich auf die Fenster und Sendeanlagen des 
Raumschiffes auswirken. Entsprechende Verhii- 
tungsmaBnahmen fallen in das Gebiet der Techno- 
logie. Von medizinischem Interesse dagegen sind 
Makrometeoriten, deren Durchschlagskraft ein Ka- 
binenleck verursachen kann. Im Bereiche der or! 
talen Entfernung der Erde von der Sonne jedoch ist 
diese Gefahr nicht sehr naheliegend, denn hier sind 
die Meteoriten weitgehend kometischen Ursprungs; 
es sind ,weiche Gebiide” — Eis-Staub-Konglomerate 
— von geringerer Haufigkeit und Heftigkeit als am 
Anfang des Weltraumzeitalters befiirchtet (*), Wah- 
rend der Gesamtzeit bemannter Raumfliige, die sich 
fun bereits auf etwa 2000 Stunden beiauft, hat sich 
nicht ein einziger meteoritischer Zwischenfall er- 
eignet; auBerdem sind nicht einmal die extravehiku- 
laren Aktivitaten (EVA) der Astronauten durch Mikro- 
meteoriten behindert worden. Dariiber hinaus be- 
fanden sich vier bemannte Raumschiffe im Orbit, 
wahrend die Erde einen Meteorstrom durchkreuzte 
(Bahnen von aufgelésten Kometen). Gelegentlich 
sind Strom-Meteoriten konzentriert in Form eines 
Meteorschwarmes. Wenn die Erde einen soichen 
Schwarm durchkreuzt — was selten geschieht — 
kann man das Schauspiel eines Meteorschauers er- 


ist die Gefahrensituation von seiten der Meteoriten 
kometischen Ursprungs in der Erdentfernung von 
der Sonne nicht alarmierend, Mit zunehmender Ent- 
fernung von der Sonne wird die Lage aufgrund der 
dann geringeren Dichte und Geschwindigkeit der 
Meteoriten sogar giinstiger. 


im Gegensatz hierzu mag sich, je naher wir zum Mars 
und damit zum Asteroidengirtel kommen, die Zahl 
der Meteoriten asteroidischen Ursprungs vergré- 
Bern. Es ist nachgewiesen worden, daB vor etwa 300 
Millionen Jahren zwischen Mars und Jupiter ein 
Planet X in viele Tausende von Asteroiden aufsplit- 
terte und somit den Giirtel der Asteroiden bildete. 


Die Annahme scheint naheliegend, daB dieses kata- 
strophale Ereignis, oder eine Kollision zweier kiei- 
nerer Planeten, gleichzeitig zu einer Bevdlkerungs- 
Explosion kleinerer Teilchen von Materie fihrte: 
Makro- oder Mikrometeoriten. Die auf der Erde ge- 
fundenen Eisen- und Stein-Eisen-Meteoriten sind 
asteroidischen Ursprungs. Auf Grund deren Harte 
muB ihr Durchschlagspotential ernstlich in Rech- 
nung gezogen werden. Zwei Charakteristika dieser 
wahren ,Weltraumgeschosse“ mégen jedoch deren 
Ourchschiagspotential mindern: Erstens ist ihre Ge- 
schwindigkeit in Marsnahe geringer als in der Um- 
gebung der sonnennaheren Erde, und zweitens mé- 
gen ihre Bahnen in der Ekliptik grundsatzlich in der 
selben Gegen-Uhrzeiger-Richtung wie die der Pla- 
neten verlaufen, so daB in Marsnahe die das Raum- 


schiff bedrohenden Gefahren beim Hinfiug nur von 
Ger einen, und beim Riickflug von der anderen Seite 
kommen. Frontale ZusammenstéBe mdgen seiten 
sein. Wie dem auch sei, ein den Mars anfliegendes 
Raumschiff muB auf alie Falie mit einer zweiten 
Wand, einem sogenannten ,meteor bumper" (F. 
Whipple) mit Selbstversiegelungsfahigkeiten ver- 
sehen sein. AdschlieBend sei noch erwahnt daB die 
harten, sehr schnellen Meteoriten galaktischen Ur- 
sprungs auf Grund ihrer relativen Seitenheit keine 
beachtenswerte Gefahr darstelien. 


b. Partikelstrahlung. Die bei bemannien Orbitai- 
fligen im terrestrischen Raum zwischen dem finf- 
zigsten sidlichen und dem finfzigsten nérdlichen 
Breitengrad absorbierte Strahiendosis betrug we- 
niger ais 1 millirad/Std., oder etwa 15 millirad/Tag. 
Dies zeigt, daB wir in niedrigen Bahnen bei einer 
Dosis von weniger als 1 millirad/Std. dem Strah- 
lungsproblem keine groBe Beachtung zu schenken 
brauchen. Dies trifft jedoch nicht fir hohe Bahnen 
zu, d.h. oberhalb von 800 km innerhalb des van- 
Allen-Strahlengirtels, wo wir im inneren Girtel in 
etwa 3000 km Hohe mit 5 rad/Std. und im auBeren 
Girte! in etwa 18000 km Héhe mit 10 millirad/Std. 
rechnen missen. Diese Girtel sind deshalb_,,ver- 
boten" fir Orbitalflige. Im Weltraum jenseits der 
Magnetosphare mag die Strahlungsdosis, der die 
Raumschiffinsassen ausgesetzt sind, in der GréBen- 
ordnung von 1 rad/Monat liegen. Dies sind die Par- 
tikel-Strahlungsverhaltnisse, wenn die Absorptions- 
fahigkeit der Kabinenwand einer Dicke von 1 cm 
Stahi entspricht. Uber diesen Punkt gehen die An- 
sichten, sowohi nach der optimistischen als auch 
nach der pessimistischen Seite hin etwas ausein- 
ander, aber wie dem auch sei, durch starkere Ab- 
schirmung kann die Strahlungsdosis innerhalb der 


Wenn fir den Marsflug ein .,circum-terrestrischer 
Orbit" als Ausgangsbasis fiir das Fiuchtmandver aus 
der terrestrischen Gravisphére gewahit werden 
solite, ware vom medizinischen Standpunkt aus die 
Region unterhaib des inneren van-Allen-Strahlen- 
girtels die logische Wahl. Der einige Stunden dau- 
ernde DurchstoB durch den van-Allen-Giirtel_wiirde 
Zu einer Absorption von etwa 10 rad fiihren — dies 
ist medizinisch akzeptabel. Und, wie bereits er- 
wahnt, im interplanetarischen Raum wiirde die Do- 
sis etwa 1 rad pro Monat betragen. Im Verlauf eines 
8 Monate dauernden Fluges nach dem Mars wiirde 
die Totaldosis 15 rad kaum dberschreiten; das wa- 
ren aiso 30 rad fir Hin- und Riickflug. Dies liegt be- 
trachtlich unterhalb der medizinisch zulassigen 
Maximaldosis. Damit genug diber die zu erwartende 
durchschnittliche Partikelstrahlung wahrend eines 
Rundfluges zum Mars bei ruhiger Sonne. 


im Falie eines einer Sonneneruption folgenden Pro- 
tonensturmes haben die Areonauten dank ihrer Ver- 
bindung mit der irdischen Sonneneruptions-Station 
mehr als 30 Stunden Zeitreserve fiir Schutzma8- 
nahmen. Glicklicherweise verlieren die Protonen- 
stré6me mit zunehmender Sonnenentfernung an Bés- 
artigkeit. Die Marsreisenden diirften sich gegen 
Ende ihres Reisezieles zunehmend sicherer vor 
Strahiungsgefahren fiihlen. Im Umgebungsraum des 
Mars gibt es keine Magnetosphare, die die Partikel- 
Strahien einfangen kénnte (4); deshalb sind dort in 
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der Wahi der Hohe fiir eine Park-Umiaufbahn keine 
Grenzen durch einen Strahlengiirtel des van-Alien- 
Typs geseizt. 


c) Elektromagnetische Sonnenstrahlung. in Bezug 
auf elektromagnetische Sonnenstrahiung befindet 
sich die Bahn des Mars in der kalten Grenzzone det 
Okosphare der Sonne, Venus zieht ihre Bahn in de- 
ren heiBer Grenzzone, und die Erde sozusagen in 
der ,goldenen* Mitte. (Die Helio-Okosphare kann 
als diejenige Zone im Sonnensystem definiert wer- 
den, in der die Intensitat elektromagnetischer Strah- 
lung fir bemannten Raumilug und Leben auf Pia- 
neten giinstig ist.) 


Wéarmestrahlung. in der mittleren Erdbahnentfer- 
nung von der Sonne betragt die solare Irradiation 
2 cal/em? min (Terrestrische Solarkonstante). Auf 
der Flugstrecke zum Mars verringert sich dieser 
Wert auf 0,84 cal/cm? min in seiner mittleren Bahn- 
distanz (Tabelle |). Dies ist fiir das thermische Klima 
innerhalb der Kabine von Bedeutung, sollte jedoch 
kein technisches Problem darstelien. 


Die Lichtstrahlung beiauft sich im mittleren terre- 
strischen Orbit auf 140000 lux (lumen pro m?). Auf 
der Flugstrecke zum Mars verringert sie sich alimah- 
lich auf 60000 lux (Tabeile 1). Dieser Wert kann 
Mars-illuminanz-Konstante genannt werden. Wenn 
wir 15°%o fiir Lichtveriust durch Reflexion der Fen- 
ster des Raumschiffes zugestehen, dann geniigt die 
verbieibende Lichtenergie fiir die Bioregeneration 
der kinstlichen Raumschiffatmosphare und der Ab- 
fallstoffe mittels Photosynthese. 


Die Sonne zeigt vom Mars aus gesehen einen 
scheinbaren Durchmesser von etwa */« desjenigen 
von der Erde aus gesehen. Ein direkter Blick in die 
Sonne fiir 


Warmestrahlen, die derartige Netzhautverletzungen 
hervorrufen, dieselben (als Sonnenblindheit be- 
kannte) Schaden, wie sie beim Beobachten einer 
Sonnenfinsternis ohne den Schutz geniigend ver- 
dunkelten Glaser entstehen. Aber selbst ein fitich- 
tiger Blick in die Sonne beeintrachtigt die Dunkel- 
adaption des Auges, und dies mag einer der Griinde 
sein, warum einige Astronauten berichteten da8 sie 
die Sterne nicht sehen konnten. 


Auf der Erde sind wir einem durch die Erdumdre- 
hung bedingten 24-Stunden-Zykilus von Licht und 
Dunkel ausgesetzt. Bei Raumfliigen unterhalb des 
van-Allen-Strahlengiirtels verkleinert sich dieser Zy- 
klus auf 90 bis 120 Minuten. Beim Marsflug dagegen 
gibt es iberhaupt keinen soichen Zyklus; gewisser- 
maBen herrschen dort Tag- und Nachtverhdltnisse 
zu gleicher Zeit: Die Sonne als Symbol des Tages, 
der schwarzsamtene Himmel als Symbol der Nacht. 
Die Areonauten bediirfen jedoch auf Grund ihrer 
dem irdischen Tag-Nacht-Rhythmus angepaBten 
»Physiologischen Uhr" des gewohnten Wechsels von 
Schiafen und Wachsein. Sie miissen die Dauer ihrer 
Schiaf- und Arbeitsphasen den irdischen Gepflogen- 
heiten anpassen und sich entsprechend unterein- 
ander abwechsein. Es mag hinzugefiigt werden, daB 
dieses Problem nach der Landung am Mars nicht 
mehr besteht, da die Rotationsdauer dieses Pla- 
neten nur 37 Minuten langer als die der Erde ist. 


i. Die Dauver des Raumiluges 

Sobald die Areonauten sich dem Mars auf 300000 
km nahern, bietet sich ihrem bloBen Auge eine bes- 
sere Sicht auf die Marsoberflache, als dies mit dem 
besten Teleskop von der Erde aus méglich ist. Sie 
befinden sich nun bereits innerhalb des Mars'schen 
Anziehungsbereiches, in weichen sie in einer Ent- 
fernung von 2 Million km eintraten, den unermes- 
lichen interplanetaren ,Ozean“ solaren Plasma- 
windes hinter sich zuriicklassend. 

Die Durchquerung dieses Weltraummeeres dauert 
im Falle einer ,6konomischen" (energiesparenden) 
Flugbahn etwa 8 Monate. Ist eine solche Flugdauer 
auch fir einen bemannten Marsfiug medizinisch ak- 
zeptabel? Um hier zu einer realistischen Beurteilung 
zu gelangen, miissen wir die Lebensweise der 
sechs- oder achtképfigen Besatzung in seiner gan- 
zen Komplexitat in Erwagung ziehen. Die Besat- 
zungsmitglieder leben in einer engen in sich abge- 
schiossenen Welt eigener Okonomie und Autonomie. 
Au8er der Bedienung des Raumschiffes, Navigation, 
Erforschung des kosmischen Raumes und Funkver- 
bindung mit der Marsflug-Kontrollstation auf der 
Erde schlieBen die Aufgaben der Areonauten auch 
noch Handhabung des biologischen Versorgungs- 
systemes, pers6nliche K6rperpfiege, ,,Haushalts- 
fihrung” usw. in sich ein. Einige dieser Tatigkeiten 
werden durch Schwerelosigkeit behindert, andere 
beginstigt. 

Nach 20 bis 30 Stunden Raumflug diirften sich die 
Areonauten an die Schwerelosigkeit gewéhnt ha- 
ben (*). Die Gemini-Rekordfliige (*) zeigen, daB der 
Mensch bei bequemen Kabinenverhdltnissen und bei 
Einhaliung angemessener Bewegungs- und Schlaf- 
perioden Raumfliige Gber mehrere Monate hinaus 
ertragen kann. Kinstliche Schwerkraft scheint dann 
nicht erforderlich zu seii i i 


. f] 
nehmenden Treibstoffmenge die Flugdauer von et- 
wa 8 Monaten auf 30 °/o bis 20 °/o dieser Zeit zu ver- 
kirzen (7). Dies ist durch Anwendung neuer An- 
trlebsmethoden erreichbar, 
Zusatzlich zu dem Komplex Mensch-Gerat-Kabinen- 
ktima missen auch noch die das Raumschiff um- 
gebenden Weltraumverhiltnisse in Betracht gezogen 
werden. Bei kirzerer Flugdauer sind die Méglich- 
keiten eines Meteoritentreffers und die mit einer 
Sonneneruption verbundenen Strahiungsgefahren 
entsprechend eingeschrankt. 
Kurz, ein Minimum an Zeit und ein Optimum an 
Komfort sind die medizinischen Bedingungen fir 
eine erfolgreiche bemannte Marslandung. Es soll 
noch hinzugefigt werden, daB insbesondere vom 
psychologischen und physiologischen Standpunkt 
aus, sowohl die Astronauten mit ihrer Erfahrung in 
wochenlangen Erdumkreisungen, als auch die Arzte, 
die diese Fiige iberwachen, ein gewichtiges Wort 
miisprechen werden. Sowoh! Studien hamatolo- 
gischer Veranderungen, des Gefa8-Tonus, des Mine- 
ralstoffwechsels in Muskeln und Knochen, als auch 
bereits durchgefiihrte und geplante Gegenma’- 
nahmen sind fir lange Raumfliige von auBerordent- 
licher Bedeutung. Bei sorgfaltiger Anwendung des 
bisher Gelernten ist die medizinische Antwort be- 
ziglich der Aussichten eines Marsfluges eine be- 
jahende und optimistische, wenn zeitsparende Flug- 
bahnen gewahit werden. 
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Tabelie | 


Elektromagnetische Strahlung der Sonne von der 
Erde bis Mars 


Mittlere 

Sonnen- 

Ent- 

fernung 149 220 1228x i0* km 
Warme 086 cai 
Strahlung} 2 0.92] cm-kmin-t 
Licht 

Strahlung} 120 64.6) 60.3x10* iux 
Intensitats| 

Faktor 1 0.46) 0.43 


Ref: Solar Irradiance from Mercury to Pluto. H. Strughoid and O. L. 
Ritter, Aerospace Medicine, 31, 127, 1960 
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PRECIS 


OBJECT; 
To approach the question of the possibility of life oa other planets 
‘ under the aspect of principles of physical and physiological ecology 
is such as the principle of limiting factors, adaptive processes, etc, 
a The discussion has been confined chiefly to temperature and oxygen 


ih as ecological factors. 
SUMMARY: 

Hi Comparing the scale of bio—temperatures with the temperatures 

: found on the surfaces and within the atmospheres of the planets we 

Hi find ‘that only Mars and, possibly, Veous are left as ecological 

spaces since their range of temperatures partially covers the ‘ther- 

“i mo band of active life.”’ 

e Further discussions concern the ecological properties of the Martian 

‘ atmosphere emphasizing the oxygen question in terms of the minimum 

PIESSare OT, TEGT rss : if ‘ 

is concerned the minimum of environmental factors required for res- ; 

a piration and photosynthesis has been discussed at some length, Bm- | 
H 
i 


phasis is given to the importance of certain manifestations of adap- 
tation of the microscopical structure of plant tissue such as inter- 
cellular air spaces, which--providing an ‘internal atmosphere’’— 
could considerably facilitate the existence of plane life within a 
milieu free of oxygen such as on Mars, The assumption of such adap- 
tive morphoses to have taken place in the hypothetical Martian vege- 
tation would diminish physiological objections chat can be advanced 
against its existence, i 
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f n in prevailing in the tiss a fe le 
2, I below ci freezing point of wat and 
wi +#55° to 6 C, Above this temperature 


matter is transposed ir 
tigor’’ and soon perishes 


i of enzy Dr 
a biologic roce : the r f 
wit scussion it 67 GC, Suereaet 
iological proce ds can if ex- 

universe, and tha 12 . for sever 

is based on the 

ts unique chemica: properties. th emperature required f 
u fruiet to st € inning of th ] range 
e anets fro o » as is known, arctic 
the minimum”’ (G.V s temperatures down to 

the limiting facto Thus it was found experimentally—t 
greater detail by the specimens in liquid nitrogen, oxy- 
. In doing so we conform with gen, hydr » and even helium—that rtain 
int strial eco] and econom lower organisms such as algae, bacteria, li- 
In cheir simplest form these laws chens, and mosses are capable, for weeks, of 


nvironmental factors—such as temperature, withstanding temperatures close 


matter is hereby 


ght, water, and chemical components of soil 
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posed into the state of “cold rigor’? which also 
can be designated as the state of latent ordor- 
mance life, Summarizing, we can ‘state that there 
s no decrease of temperature capable of de- 
Stroying, unconditionally, every form of living 
ematter, provided the onset of cold follows cer 
tain remporal patterns (11; 15). 
}¥ we now consider the temperatures found on 
“the surface and in the atmospheres of the plan- 
éts (24), we see that Mercury’s temperature lies 
far above the maximum cardinal point, within 
othe lethal range (see figure 1), Venus with more 
than 109" C, in its lower atmospheric layers 
and abouc +25" C, in its outermost stratum ap~ 
proaches biological temperatures only in certain 
higher strata, The temperatures found on earth 
ranging fram ~69° to +69° C, cover the entire 
tange of active life with its upper half, while 
they also cover ebout 60 centigrades of the cold 
range of latene life, The Martian temperatures 
range with its upper quarter coincides with the 
lower part of the biothermal band and covers 
more than 60 centigtades of the cold range of 
vlatent life, The larger planets lie deep in the 
temperature range of latent life, in other words 
150 to 200 certigrades below the temperature 
minimum for active life, 
lt may be added that the temperature of the. 
“moon varies between ~150° and +190° c 
ae n Conclusion the following may 
the standpoint of temperature, Mars and neaeibly 
Venus* are the only planets, aside from the 
Earth, which at presett possess the prerequisites 
‘of life, ia our sensé, In this connection, it must 
be considered that in view of the large ‘diurnal 
_) amplitudes. of temperatures only eurythermal 
f living beings’ can exist on Mars, ive,, chose 
which can resist rapid Changes of temperatmres 
| within a wide range, This physiological require 
ment also points toward certain lower organisms, 
such as algae, lichens, and mosses, which are 
characterized by pronounced curythermia. 


Marts might actually be considered a biophilic 
planet, in. regard to temperature, but its com- 
bination of ecological conditions shows a very 
weak point: Oxygen catinot be found in the Mar- 
tian atmosphere (1, 12), 

Oxygen, apart from carbon, is the bioelement 


“gen makes up 60 percent of the living matter 
“(water included); and (2) che mose important 
energy source of the organisms is biological 
xidation (aerobic respiratiog}, Another source 


ar excellence because (1) on the average, oxy-, 
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of energy, though less significant, is anaerobic 
respiration which requires no oxygen, However, 
the substances undergoing anaerobic respiration 
consist of oxygen, to a rather large part. 

The production of energy which is based. on 
biological oxidation consumes Jargé amounts. of 
oxygen and réquires a certain concentration of 
oxygen in the medium surrounding che organisms, 
For man, for instance, this concentration must 
be of the order of 5.5 x 1018 oxygen molecules 
pec cm.3 of air, Physiologically, this concentra- 
tion or the corresponding pressure is likewise 
limited by a maximum aad a minimum; exceeding 
these limits is incompatible with life. In the 
following we are mainly interested in the oxygen 
minimam which is just sufficient to permit a 
“‘vira minima,” 

For man the minimum oxygen pressure is about 
65 mm. Hg (corresponding to an altitude of 7,000 
m.) (see figure 2), Acclimatization to altitudes 
of about 7,000 m. is possible for some time, as 
showa by experiments in low pressure chambers 
and various Himalayan expeditions (3, 7, &, 9, 
14, 17), but permanent settlements are found up 
to 5,000 m. only (Andes), Thus, we can conclude 
that the presence of manlike creatures on Mars 
belongs to the realm of fantasy, since the mini- 
mum oxygen pressure required for mao is at the 
Teast 100 times larger than the O2-pressure 
ich may at best be present on Mars, 
lt was found in decompression chamber experi- 
ments that the vital minimum oxygen pressure of 
homoiothermic animals (monkeys, dogs, cats, 
rabbits, guinea pigs, cats, pigeons) Corresponds 
to an alcitude of 8,000 to 12,000 ma, iver, barely 
less than 50 mm. Vg (figure 2). Poikilothermic 
animals (reptiles, amphibians, fishes, worms, 
ete.) withstood pressures below 50 mm, Hg down 
to 5mm. Hg and less (5, 6) We know that a num- 
ber of animals of the lowest species can live 


> In regard to Venus, H, Haber (personal communication) pre- 
sumes that life in the form of 2 biologicd aerosol may exist 
in certain strata of the Venusiean atmosphere, where the tem- 

perature conditions forthe existence of Life are fulfilled, Raber 
Purther thinks if possible that Life attempts to gain a first foot- 
hold on planets within their atmospheres in the form of these 
biological aerosols. There, life becomes a major factor in the 
development of the chemical constitution of planetary atnios- 

heres. AS a consequence, the living matter alters. sradually 

its chemical. and thermal environment by changing the atmos- 
phere’s constitution, its absorptive quatities regarding solar 
energy, and its proper radiation, until life may finally succeed 
in developing explosively, According to this concent, life does 
not depend entirely on the chances of the creation of a suitable 
environment effected through inorganic processes an the. sur 
face and within the atmosphere of a planet; instead, life itself 
invades @ planet and attempts to form an-environment favorable 
for extensive development. In the light of this concept, Vemis 
and Earth can be considered as presently being in different 
Stages of development, 
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ithout oxygen for quire some time, e.g., in 
leep layers of stagnant Jakes (19). Oxygen-free 
abitats are likely to develop in ice-covered 
onds and lakes, if there is a high oxygen con- 
‘sumption by organisms. It is necessary that 
ystematic investigations on the oxygen-pressure 
emand of poikilothermic animals be performed, 
ince many of the experiments and observations 
ade so far are only informative. Be that as it 
‘may, so far as che animal kingdom is concermed, 


lothermic animals on Mars must be negated in 
view of che prevailing oxygen pressure. Arguing 
about the presence of lower species is futile 
because of the lack of clues to justify such an 
| argumentation. 

There ace clues, however—namely, visible 
ones—that suggest the possible existence of 
vegetation on Macs, These clues are the sea- 
“sonal discolorations of the green Martian areas 
(Lowell, 13) and the spectroscopic finding of 
“Kuiper. Accepting this vegetation hypothesis, 
we are confronted with the problem of how to 
owvdew it from the standpoint of physiology, since 
 |we must consider the apparent lack of oxygen in 
| the Martian atmosphere, 

It is crue thar plants also respire and require 
oxygen, though they are able to switch to ander- 
obic respiration at any time, There are plants 
ptessure of the air falls below 1.5 mm. Hg. 
This point is designated as the physiological 
zero. point of plant respiration (10, 21) For 
gtowth and development, plants generally need 
a higher oxygen pressure. Notwithstanding, 
plants can overcome this difficulty by their 
ability to produce oxygen through the process of 
photosynthesis; in this respect, plants are su- 
petior to animals, They have their own oxygen 
¢nerators in the chlotophyll-containing chloro- 

plasrs (20, 23). As is well known, photosyathe- 
_ Sts tequires catbon dioxide and water as raw 
tetials, as well as light and a certain tempera- 
ute'(18). Do these factors reach or exceed the 
‘physiological minimum for the process of photo- 
esis on Mars? 

First of all, che temperature minimum for 
oSynthesis lies generally some degrees 
ad the freezing point of water, Yet, in some 
plants (lichens) a minimum of —20° C. has 
observed, During daytime on Nays these 
Tathres are exceeded by 20 to 40° Ci, ac+ 
gto WW. Coblentz andC.0. Lamptand (24), 
ond, the minimum of light is certainly ex- 


the presence of homoiothermic and higher poiki>, 
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ceeded, since the solar constant on Mars aver- 
ages 0.84 g calfcm2 min, 

Third, the amount of carbon dioxide in the 
Martian atmosphere is, according to Kuiper, 
higher than that found in the terrestrial atmos- 


phere, 
Fourth, the presence of H 20 on Mars can be 


taken for granted, Still, the” water question is 
possibly the weakest point in the combination 
of conditions for photosynthesis on Mars, 

In short, if this last factor should not be def- 
initely below the minimum (see J, Franck, 12), 
photosynthesis (as we know it) should be possi- 
ble on Mars, since all other factors are adequate, 
Moreover, the combination of conditions for 
photosynthesis on Mars is, on the average, far- 
ther away from the optimum than is'that on Earth. 
It is, therefore, improbable, that plants.of higher 
order~such as vascular plants—can exist on 
Mars because of their higher demands as to tem- 
perature and humidity. Only lower plants which 
are very cold-resistant and .drought-enduring 
(xecophytes) would be able to stand up against 
such climatic conditions, Kuiper’s spectroscopic 
observations suggest the presence of lichens 
and mosses. Lichens and mosses belong to the 
two lowest subdivisions in the plant kingdom, 
the thallophyces. and bryophytes, The lichens 
have some very peculiar charac tense cs: They 


sid) a “aumber of algae living in symbiosis, The 
fungal component offers protection from cold and 
supplies inorganic substances including water 
(because of the hygroscopic nature of most 
fungi). The algal component, io general. the Pro: 
tococcus viridis, builds up organic substances 
and supplies oxygen through photosynthesis, On 
account of this ideal symbiosis, lichens are very 
resistant to a dry and cold environment; they 
have hardly any demands as to the substratum 
upon which they live. We find them growing on 
barks of trees, and even on the surface of rocks 
and monuments, In the subarctié zones they rep- 
reseat the chief vegetation (‘reindeer moss’’)s 


In the Himalayan mountains they can be found 


at alcitudes up to 5,000 m, In short, they are the 
“last outposts” of plant life in every direction, 
They can exist on bare rocks because of their 
ability to decompose. rock by producing organic 
acids, In this way, they are pioneer plants, pre- 


‘pacing the humus for more demanding plants (16). 


In. the course of the Earth’s history they may 
well have made the first scare for vegetation that 


developed on barrea volcanic rocks. This phe-_ 
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nomenan can be observed, for instance, on the 
lava massés of the Sugset Crater in Arizona. 

Liverworts, the more primitive types of the 
bryophytes, are almost as resistant as the li- 
chens 

In fact, from the biological point of view, it 
is tempting to assume-—even if there is no oxy- 
gen as on Mars, for instance—that plants similar 
to lichens and mosses may also be the last out- 
post of plant life and the pioneer plants on other 
planets, 

Returning to terrestrial plants, we see that 
they have developed a mechanism which aids 
in the process of respiration and transpiration, 
This mechanism, when applied to an oxygen-and 
water-poor environment tike that on Mars, affords 
a further support foc the hypothesis of Martian 
vegetation, Being the center poing of chis tre 
tise, this mechanism will be explained with the 
ald of some illustrations. 

Figare 3 shows the micrascopic section of the 
thallus of a lichen. We find an upper and a lower 
compact layer of dense mycelial threads, and a 
loose layer in beraseen, The algal cells are 
seattered below the upper layers The middle 
layer contains sarge air spaces 

Figure 4 shows # microscopic section through 
the thallus of a liverwort. We observe again com 


Figure 3 


Cross section through fhe thallus of the lichen Lobaria 
pulmonaria; 200. times. (After Yeiss from Tobler) 
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Figure 4 


Cross section through a portion of the thallus of the livers 
wort Marchentia. Note in the air chamoers the skort fila- 
ments of cells, provided with numerous chloroplasts. 
{After ‘R.M. Holman and Yi.¥i. Roobias, by permission of 
John Wiley ana Sons, Inc., New York) 


bined intercellular air spaces forming a com- 
partmene with an outwardeleading opening 
stoma). In this discussion we are mainly in- 
terested in the air spaces and pores, Air spaces 
and pares have developed also in higher planes. 
Kspecially pronounced are these manifestations 
i is submersed in waten The 
system of intercellular air spaces is also called 
“nerenchyma.’’ The maze of intercellular air 
passages is so widely sp d that praccically 
cach cell of the parenchym in contact with 
the internal air. On account of this spongy Struc 
ture, the inner surface of a [eaf is much larger 
than the outer one, The ratio of inner to outer 
surface of leaves of different species (25) tanges 
between 1D and 30, The intercellular air spaces 
ate in contact with the ambjenc air through the 
aforementioned pores of stomata, There are 
several hundceds of such pores per square milli- 
meter of the upper ot under leaf surface, respec: 
tively. Referring again to lichens, these plants 
are equipped mainly with ptimitive openings 
called “cyphellae.”? So much for the morpho- 
gical aspect. t 
The physiological significance of this inter 
cellular airing system is obvious. Not only is 
the area of exchange between leaf and environ- 
ment increased enormously~a fact reminding us 


of the surface area of the pulmonary alveoli 
(=100 square meter)—there has also been cre- 
ated a kind of endo-atmosphere, or internal at- 
mosphere, It is this ‘‘private atmosphere,’’ not 
the ambient air, with which the parenchymal 
cells are in direct contact or in gas exchange, 
The microclimate with which the plants supply 
themselves is more apt to meet the requirements 
in regard to environmental conditions (for in- 
stance, water vapor and oxygen). Analyses of 
the intercellular air revealed that their oxygen 
content may amount to 30 to 60 volumes per- 
cent (18). Hence, the air space serves to store 
the surplus oxygen produced by photosynthesis. 
In this waythe system of intercellular air spaces 
facilitates the existence of plants in an oxygen- 
poor or oxygen-free environment (submersed 
water plants), Suppose the micromorphological 
structure of the hypothetical Martian plants had 
developed according to similar principles, then 
the objection that can be advanced against the 
existence of vegetation in an oxygen-free Mar- 
tian atmosphere would lose weight, 

In this relation it seems appropriate to dis- 
cuss another objection occasionally raised 
against the vegetation hypothesis, i,e,, protec- 
tion from radiation and desiccation, The terres- 
trial plants have developed a waxlike cuticula 
on the leaf surface exposed to light, as well as 

. we= 
velopments are called ‘‘photomorphoses,”’ It is a 
sound assumption that such adaptive processes 
may take place also on Mars, if there is no 
ozone, for instance, for protection from ultra- 
violet radiation, 

Let us return to the possible facilitation of 
the oxygen problem by the spongy structure of 
the plant leaves, which one might cal] ‘‘aeromor- 
phosis.’’ In this respect the picture of the Mar- 
tian plant life would be the following: 

Active plant life on Mars could be possible 
only on that side of the planet exposed to sun- 
light, as soon as—after sunrise—the combination 
of environmental conditions within the internal 
atmosphere becomes adequate, After sunset the 
plants would return to a dormant state, Plant life 
would then be photorhythmic—without light, no 
active life, 

Perhaps, during the Proterozoic era on Earth, 
the first primitive life was intermittent in a 
similar way, Today, the terrestrial plants have 
an oxygen reservoir of 1,2 billion tons, so.they 
can continue breathing during the night. However, 
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plants existing in an oxygen-free atmosphere, 
such as on Mars, are forced to live on the ‘‘cur- 
rent production’’ of oxygen, They consume the 
oxygen in “statu nascendi,”’ or take it from the 
small stores of their microclimate, After sun- 
down, the plants return to a state of latent life 
on account of the cold, In an oxygen-poor or 
oxygen-free milieu, the combination of dark plus 
cold seems to be more adequate from the physio- 
logical viewpoint than darkness plus higher tem- 
peratures, In the latter case plants can develop, 
in general, only if the ambient atmosphere—like 
that on the Earth—contains oxygen in amounts 
sufficient for respiration at night. Vegetation on 
Mars absolutely requires cold nights in view of 
the hypoxia—or better even, anoxia—existing on 
this planet, 

From the physiological standpoint, therefore, 
the assumption of a, Martian vegetation does not 
create insurmountable difficulties, This is par- 
ticularly so if due consideration is given to the 
relativity of the physiological combination of 
environmental factors, as well as to morpholog- 
gical and functional adjustments of the living 
organisms to extreme environmental conditions, 
as are found in great variety in terrestrial biol- 
ogy. When considering these facts, the oxygen 
problem offers fewer difficulties than is fre- 
quently assumed. It is not oxygen, but carbon 

r the conditio sine qua non for 
vegetation. 

In regard to Haber’s hypothesis concerning 
the possibility of life in the Venusian atmos- 
phere, the biological aerosol within the proper. 
layers of the atmosphere of this planet also 
could benefit from a similar morphological struc- 
ture that permits formation of an internal atmos- 
phere by drawing oxygen from the ambient carbon 
dioxide through the process of photosynthesis, 

The problem of the presence of oxygen in the 
Martian atmosphere might be formulated from the 
physiological point of view as follows: 

Although from the aspect of astronomy Mars 
practically does not have any atmospheric oxy- 
gen, from the aspect of physiology there might 
be an oxygen layer within the vegetative sub- 
strate which, at adequate temperature and hu- 
midity, moves around the planet together with 
the sunlight. 

In concluding this subject, | want to thank 
Dr. Heinz Haber for his advice in pertinent as- 
tronomical questions and for very informative 
discussions, 
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THE CONDITIONS FACING LIFE ON MA 


— By Dr. Hubertus Strughold 
U.S.A. F. Aerospace Medical Center 


The ability of a planet to support 
life is determined by its properties 
such as gravity, magnetic field, 
density, pressure and composition 
of the atmosphere, temperature, 
light, and period of rotation. The 
radius and eccentricity of its orbit 
are also important for they affect 
its temperature, 


Each of these factors has upper 
and lower limits within which life 
can exist. For each planet, there- 
fore, we can prepare an "ecologi- 
cal profile", or list of the factors, 
The ecological profile shows how 
a planet compares with the Earth 
in supporting life as we know it. 


Manned flight to the planets is 
now within sight. This requires 
that we examine the planets from 
the standpoint of their capacity to 
support human life as well as life 
of their own. We will consider 
Mars from both viewpoints. The 
two sciences, space medicine and 
exobiology, overlap a good deal. 


Let us look at Mars from the 


he ecol 1 profile of Mars be- 
gins at a distance of 500, 000 kilo- 
meters trom its surface. Within 
this distance, a space vehicle is 
within Mars' gravisphere. That 
is, it can become a Martian satel- 
lite and swing into a parking orbit 
in preparation for landing. 


Coming closer, the next question 
is: Does Mars have a Van Alien- 
type radiation belt? This means 
is the magnetic field of Mars strong 
enough to trap particles shot out by 
the Sun? In other words, does the 
planet have a magnetosphere ? 


Mars may possess a magneto- 
sphere. The matter can be solved 
by space probes that will be sent 
to Mars. The Earth's magnetic 
field deflects low energy particles 
back to space. The rest are ab~ 
sorbed by the Earth's atmosphere 
and transformed into secondary 
and tertiary rays to which life on 
Earth is exposed. 


With this, we reach the atmos- 
phere, which is all-important to 
life. Our present knowledge of the 
atmosphere of Mars is due to such 
astronomers as Urey, De Vaucou- 
leurs, Kuiper, Tombaugh, Festa, 
and Richardson, 


The most likely composition of 
the Martian atmosphere is: nitro- 
gen - 93.8%, argon - 4.0%, car- 
> with traces 6} 
oxygenand water vapor. The baro- 
metric pressure is about 85 milli- 
bars, equal to 65 mms, mercury. 


We can logically assume that the 
oxidized Martian atmosphere has 
evolved like that of the Earth and 
Venus. 
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That is, it has evolved from an 
early hydrogen-methane-ammonia 
and water vapor type like that of 
the outer planets today, to an oxi- 
dized atmosphere. Over the ages, 
the Sun's ultraviolet light broke up 
its water vapor into hydrogen and 
oxygen. Due to its lower gravity, 
both gases have escaped into space, 


Therefore, it's conceivable that 
there are life-forms on Mars that 
can live without free oxygen. They 
would be survivors of the early hy- 
drogen atmosphere of Mars. It is 
possible they may produce their 
own oxygen, like plants on Earth. 
Experiments have shown that such 
kinds of bacteria can survive ina 
simulated Martian atmosphere. 


Fora man, the presence of only 
traces of oxygen and very low air 
pressure means anoxia. If he were 
suddenly exposed to the Martian 
atmosphere, standing on its sur- 
face, he would stay conscious for 
only 15 seconds. However, his 
blood would not start to boil, as it 
would if exposed to outer space. 
The atmosphere of Mars would 
protect the explorers from cosmic 
rays. 


The Martian atmosphere can't 
support human life. Mars explor- 
ers would have to set up a sealed 
base with a self-contained atmos- 
phere. When they left the base to 
explore, they would have to wear 
space suits, probably even in the 
lowlands. 


The Earth's atmosphere actsas 
a screen for ultraviolet rays. Be- 
tween 25 and 45 kilometers alti- 
tude, much of the incoming ultra- 
violet is absorbed in formingand 
breaking up ozone. Apparently, 
the atmosphere of Mars does not 
have an ozone layer so ultraviolet 
may reach its surface withits full 
intensity. But, sunburn would not 
be a problem to the Mars explor- 
ers in their space suits. 


Mars has an atmosphere dense 
enough to scatter sunlight, and e- 
nough dust particles to reflect it. 
Mars therefore has its ownatmos- 
pheric sky, unlike the Moon which 
is surrounded by a black sky with 
a bright shining Sun, the universal 
space sky. The sky of Mars is 
probably whitish-blue. (Ed. note: 
Probably only Mars has a sky like 
that of the Earth, ) 


TWO VIEWS Of Mars 


U.S. Army Corps of Engineers 
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MARS ORBIT MISSION 


Space Probe Orbiting Mars 


Daylight onthe surface of Mars 
would be roughly half as bright as 
that on Earth, allowing for loss of 
light by scattering and reflection 
back to space. Still, it would be 
comfortably bright and intense e- 
nough for growing LEarth-plants. 


could 


PAYLOAD WEIGHTS 


CHEMICAL | NUCLEAR | ELECTRICAL 
3000 | 29000 | 30000 
LBS. | LBS. LBS. 


N.A.S.A, 


researchers favor the vegetation 
theory. The final answer probably 
will not come until the first astro- 
naut sets foot on the "red" or"'red 
and green" or "red and apparently 
green" planet and telemeters his 
findings back to Earth. 


be replenished by growing plants. 


What can we say about the dark 
blue-green Martian areas andtheir 
seasonal color changes? Most of 
the Mars observers find them dark 
blue-green. Some insist that they 
are dark grey, and that the green 
is a visual contrast effect. Today, 
it canbe definitely stated thatsome 
large areas are really dark blue- 
green. 


At present most of the Martian 


Ifthe dark blue-green areasare 
vegetation, it must be very resis- 
tant to a wide temperature range. 
The mean solar constant of Mars 
is 0.84 calories per square centi- 
meter per minute, Mean solar 
constant is a measure of the heat 
received by aplanet from the Sun, 
The Earth's is 2.0 cal/cm2/min, 


Mars receives enough heat to 
heat its surface to a high of 259 C, 
(77° F,) at its equator. During the 
Martian night, the temperature 


Py es 
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ECOLOGICAL PROFILES 


Atmospheric pressure 


Oxygen conditions 
(Human physiological) 


Boiling point of water 

Ebullism (blood boils) 

Carbon dioxide pressure 

Water vapor (maximum) 

Solar constant 

Mean solar illuminance 

Albedo 

Surface temperature 
Noon (maximal) 
Midnight (minimal) 

Day-night cycle 

Gravity 

Radius of gravisphere 

Escape velocity 

Orbital velocity 


Year 


MARS 
65 mm. Hg. 


Anoxia at 
ground level 


at 40°C. 

at 5 kms. altitude 
0.26 mms. Hg. 
0.7 mms. Hg. 
0.84 cal/em2/min 
60, 000 lux 

0.15 

1500 

24 hrs. 39 mins. 
0.38 g 

0.5 million kms. 
5 kms/sec 

24,1 kms/sec 


669 Martian days 
687 Earth days 


EARTH 
760 mm. Hg. 


Supports life 


at 100°C, 

at 20 kms. altitude 
0.25 mms. Hg. 
15.2 mms. Hg. 
2.0 cal/em2/min 
140, 000 lux 

0.35 

# 5BOC, 

- 85°C, 

24 hrs, 

10¢ 

1.6 million kms, 
7 kms/sec 


30 kms/sec 


365 Earth days 


drops to -50° C. (-58°F,) There-+ 
fore, a Martian tropical summer 

night is equal to an arctic winter 

on Earth. In other words, a year's 

seasonal temperature extremeson 

Earthare compressed within a day 

and night on Mars, 


In addition, the general level of 
temperature on Mars is about 20° 
C. (36° ¥.) below the level on the 
Earth. Life on Mars, if there is 


any, must have developed physical 
and chemical means for survival 
in sucha severe climate, including 
a very dry atmosphere. 


Conditions may not be quite so 
bad. We have discussed the large 
scale, or macroclimate,of Mars, 
On Earth, the climate, at and just 
above the ground, is modified by 
such factors as vegetation, water 
bodies and surface relief. This is 
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called the microclimate. 


Possibly, Mars has its micro- 
climate also. Martian soil may be 
porous and have a milder micro- 
climate due tothe decay of organic 
matter. 


Considering its whole Ecologi- 
cal Index (see Table I), Mars lies 
somewhat between Earth with its 
luxurious atmosphere and the air- 
less Moon. The Moon, our first 
astronautical goal, is closer to us 
in space, but Mars is closer to us 
as an environment for life. 


Within the whole family of the 
solar planets, Mars belongs to the 
subfamily of ecospheric planets. 
The ecosphere is the zone in the 
solar system in which the Sun's 
radiation is such that it favors life 
on planets. This zone comprises 
only about 5 percent of the range 
from Mercury to Pluto. 


The Earth occupies the "golden 
orbit" in the ecological zone. Venus 
orbits in its hot, and Mars in its 
cold border regions. All of these 
three planets have oxidized atmos- 
pheres. The outer planets, such 
as Jupiter and Saturn, have very 
cold atmospheres of hydrogen and 
reduced chemicals. They are the 
non-ecospheric planets. 


Of all the other planets, Mars 
is the most Earth-like. However, 
compared to the Earth, it's under- 
privileged. In terms of our ter- 
restrial biology, it can only sup- 
port very hardy organisms of the 
kind we know are based on carbon. 
Mars-life, though, may not be the 
same kind as Earth-life. Astro- 
nauts may finden Mars life-forms 
completely unknown to us. That is 
quite possible. 


As to human survival on Mars, 
bicengineering the equipment re- 
quired to compensate for the short- 
comings of the Martian ecological 
index is the challenge to medicine 
and technology in a Mars project. 
A thorough advance knowledge of 
the ecological profile of Mars is 
an absolutely necessary require- 
ment for such a gigantic project. 

ee 
(Ed. note: This is a condensation 
of apaper presentedby Dr. Strug- 
hold at the AAAS convention this 
December. ) 


Project Star Gazer 


This spring, two men will soar 
to an altitude of 87,000 feet in a 
balloon carrying a stabilized 12- 
inch telescope. They willstay the 
entire night aloft observing stars 
through the telescope. 


The flight will be the first of a 
new project in balloon astronomy 
conducted by the Air Force Office 
of Space Research. Project STAR 
GAZER, as it is called, will de- 
termine how manned balloon ob- 
servatories should be designed, 
built, staffed and operated. 


The Earth's atmosphere limits 
astronomers in their study of the 
universe. The atmosphere absorbs 
both infrared and ultraviolet light 
coming from space. Visible light 
is distorted, causing the stars to 
twinkle, or scintillate, and their 
images to wander back and forth. 


At top altitude, Capt. Kittinger 
and William C, White, the crew of 
the balloon, will be above 90 to 95 
percent of the Earth's atmosphere. 
Scintillation and image wandering 
should be almost or completely e- 
liminated, They will also be able 
to see farther into the infrared, 
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RANGER 3 FLIGHT PLAN 


RANGER III FAILS 


At 3:30 pm EST, Jan. 26th, the 
Ranger IIIspacecraft was launched 
on a flight to the Moon. At first, 
all went well. 


The Atlas booster lifted off toa 
fine take-off. At 4:15, the Agena- 


speeded Ranger to escape velocity 
of 7 milesa second. Anhour later, 
it was announced that Ranger was 
on about the right course. 


Then came bad news. At 8:20 
pm, NASA reported that the Atlas 
had fired a little too long, boosting 
Ranger to too higha speed. Asa 
result, Ranger wouldcross the or- 
bit of the Moon in around 50 to55 
hours after launch, 16 to 11 hours 
before the Moon would reach the 
rendezvous point. Consequently, 
it would not hit the Moon. 


N.A.S.A. 


The spacecraft behaved well. It 
performed all maneuvers as it was 
ordered. After injection into its 
lunar orbit, Ranger extended its 
high-gain antenna and opened up its 
solar panels. It locked onto the 
Sun and then the Earth, When or- 


at 5:30 pm, January 27, to speed 
up and change its course, it obeyed. 
The order was intendedto make it 
pass closer to the Moon. 


There was still hope Ranger III 
could take pictures of the Moon, At 
11:52 pm EST,Jan. 28, Goldstone 
ordered Ranger III to perform its 
terminal maneuver, Ranger obey- 
ed. It turned its base tothe Moon 
and an hour later started to take 
pictures, Perhaps, the flight would 
be a partial success, 

(Continued on page 11) 
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TIROS IV LAUNCHED 


At 7:44 am EST, February 8th, 
a Thor-Delta rocket took off and 
carried Tiros IV, the new weather 
satellite, into orbit. By 9:32 am, 
NASA's Wallops Island (Va. )moni- 
toring station was receiving photo- 
graphs from Tiros IV. 


The picture on this page is the 
first to be released. It shows Lake 
Michigan in the lower left corner 
with part of Lake Superior visible 
above it. Since the Great Lakes 
are mostly iced over this time of 
year and Canada is mostly covered 
with snow, it is hard to recognize 
landmarks. 


Tiros IV is in a roughly circu- 
lar orbit at 425 miles altitude, Its 
launching marks the fourth straight 
success in this weather satellite 
program. Their performance has 


First TV Picture Sent by Tiros IV 


led the Weather Bureau to say that 
"meteorologists who have been fol- 
lowing the data receivedfrom Tiros 
are convinced that weather satel- 
lites willhave a revolutionary im- 
pact on their science." 


NASA is planning two followup 
programs after Tiros. The next 
willbe the more advanced Nimbus, 
Nimbus willbe ina polar orbit and 
will always be pointing Earthward, 
Tiros's attitude is fixed in space, 
so its cameras point at the Earth 
only for a part of the time. Also, 
it's in a slanting orbit that covers 
only part of the Earth's area. 


The final series is called Aeros 
and will circle the Equator at the 
same speedas the Earth's rotation 
at an altitude of 22,000 miles, so 
they will seem fixed in the sky. 


N.A.S. A. 
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SOUTH 
The Sky at 9 pm EST, March 15, 1962 at 40°N, Lat. 


SKY-SHOW by A. L. White 

The Sun is moving northwards 
this month. On March 20, at 9:30 
pm EST, the Sun will cross the E- 
quator and spring will begin inthe 
northern hemisphere. This is the 
vernal equinox. 


would be best to start watching be- 
fore 4 am EST, 


Mercury may be seen very low 
inthe southeast just betore sunrise 
on the 3rd but it will be very hard 


Lo-see._Vens-_can-beseen dow in — — 


The Moon will be quite busy in 
March. It will occult, or hide, a 
bright star and 2 planets. On the 
morning of the 4th, it will occult 
Mercury, but that will be difficult 
to observe. 


The night of March 11th, those 
Space Science readers in the west- 
ern part of North America will be 
able to see the Moon occult Alde- 
baran in Taurus. On the morning 
of the 3ist, readers inthe eastern 
part of North America will be able 
to see the Moon occult Saturn. It 


the west just after sunrise. Mars 
and Jupiter are still very close to 
the Sun. Saturn can be seen for 2 
hours before sunrise inthe south- 
east, 


FOR OUR READERS 
EMPLOYMENT OUTLOOK FOR 
ASTRONOMERS, by H. V,Stambler 
Bureau of Labor Statistics, 
Washington 25, D. C. Free. 


For anybody interested in be- 
coming an astronomer, or just in 
astronomy as an occupation. 
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Model of an Above Surface Lunar Shelter 


Martin Marietta Corp, 


PLANNING A LUNAR BASE 


John De Nike, a member of the 
staff of the Martin Marietta Cor- 
poration, discussed the design of 
a base on the Moon recently. Since 
NASA has scheduled a landing on 
the Moon before 1970, he believes 
that it is not too soon to tackle the 


The first thing the engineer has 
to know is the lunar environment. 
We know a little about the tempera- 
ture, and the landscape, but very 
little about the surface itself, Is 
it compact or loose? How dense 
is it? What is it made of ? How 


problem, 


This is easier said than done. 
How large should the base be? How 
many men willlive init? How long 
will they live there? What will they 
do there? These are just a few of 
the questions designers will ask. 


De Nike considered one aspect, 
shelter. He assumed a general 
scientific mission for the base with 
emphasis upon geophysics andas- 
tronomy.The base would be perma- 
nent. The parts would be designed 
for transport in a Nova spaceship. 


hardis-it? 


Scientists’ ideas on the nature 
of the lunar surface differ widely. 
We can not be certain which one is 
correct. De Nike therefore tried 
to design a Moon base that would 
be suitable for three possible types 
of lunar surface: a dust-covered 
crust, a rock-strewn surface, and 
a stony surface, 


This is a new type of problem 
ior engineers - designing for un- 
known conditions. 

(Continued on page 11) 
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Ranger III Fails Earth atmosphere, (Note that the 


(Continued from page 7) picture on page 10 is not to scale) 

All of the equipment on Ranger 
worked perfectly, exceptone. The Covered bases might be easier 
mechanism that had to turn the di- to construct than above surface 


rectionalantenna toward the Earth shelters. A covered shelter would 
failed. Asa result, the TV signal be built by trenching the lunar sur- 
received by Goldstone was far too face, placing a shelter unit in the 
weak - 10,000 times as weak as it trench, connecting it toother units 
had been planned. No real photo- and covering it with rubble to the 
graphs were received, depth of 13 feet. The thickness of 
loose rock would give one atmos- 
Ranger IIpassed the Moonat a phere of protection. 
closest approach of 22,862 miles. 


This occurred at 6:23 pm EST on A tunneled base would offer the 
January 28. Ranger Ill,thenwent most protection. And, if the tunnel 
on to swing around the Sun, were 65 feet below the lunar sur- 


face, the weight of rock above the 
This April, Ranger IV, a twin tunnel wouldbe balanced by theair 
of Ranger III, will be launched, Al- pressure of 12 pounds per square 
though Ranger III failed to reach inch in the tunnel. This is about 
the Moon, it did much better than the pressure at 5, 000 feet altitude 
Rangers Iand II. Ranger IV, we on Earth. 
believe, will succeed. 


scald In addition, temperature would 

2 vary very little, between about 25 to 
Planning A Lunar Base 40 degrees below zero. This would 
(Continued from page 10) make control of temperature far 


The first specificationset forth easier than it would be on the sur- 
was that permanent shelter should _ face. 
provide protection against meteor- 
ites and solar radiation, including In studying tunneled bases, the 
solar flares, equal to that of the engineers examined different ways 
Earth's atmosphere. Since there of digging tunnels. They decided a 
re He MEMS PNETE-OW WE Moon, TE bore machine Saul be ee 
Moon offers no real protection a- could cut 20 feet an hour through 
gainst solar flares, soft rock, and would not require 
a supply of explosives, or of liquid 
Three shelter types were con- oxygen. 
sidered - above surface, covered 


and tunneled. Each has its advan- The main consideration is the 
tages. It's likely that a lunar base amount of materials that must be 
would build all three in time. movedfrom the Earth to the Moon- 


equipment, construction material, 

For above the surface, De Nike fuel, etc. Construction time is the 

andhis group prefer a hollow ball next in importance, of course, It's 

with two walls. The space between clear that we must know far more 

the walls would be filledwith lunar _ about the lunar crust before we can 

rock anda binder, ten feet thick. prepare plans for a base on the 
It will offer protection equal to one Moon, 
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Committee that has aone so much 
to improve the teaching of science 
in the high schools. Dr. Gamow 
is both a first-rank scientist and 
one of our finest living, popular 
science writers. 


Gamow rarely misses and this 
time he hits the target squarely. 
The reader will be instructed and 
entertained. He will even learn 
some calculus on the way, if his 
knowledge doesn't extend that far. 
His explanation of the research on 
gravity by Einstein, Newton, and 
Galileo is as clear as any to date. 
Highly recommended. 

Oe 
ATLAS OF THE UNIVERSE. By 
Br. Ernst and Tj. E. DeVries. 
Thomas Nelson and Sons, New 
York 17, N. Y. $9.95. 


ATLAS OF THE UNIVERSE is 
a combined one volume encyclo- 
paedia and atlas of astronomy. It 
is about hallway in thoroughness 
between a dictionary and an en- 
cyclopaedia, 


As one might expect, the book 
is full of unusual facts that aren't 
commonly found in books on as- 
tronomy. For example, the Hale 
telescope yields a 6 inch disk of 
the Moon at the prime focus and 
a 53 inch disk at the Coude focus. 
There are six different varieties 
of months, Titan, the biggest of 
Saturn's satellites, is larger than 
the Moon. A good desk reference 
for the amateur. 
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ADVANCES IN ASTROBIOLOGY* 


by 


Hubertus Strugheid, M.D., Ph.D. 


The interest in the question of Hie on other celestial bodies, 
which started with Giovanni V. Schiaperelli's discovery of 
“samali'' on Marg, 1877, and found its climax: in the publications 
of Percival Lowell around 1910, has recently attained again new 
impetus for the following reasons: {1} progress in astronomical 
Spectrogvaphy, (2) the possibility of transatmospheric observation 
and spectrography from ultra-high altitude balloons and eventually 
frorn orbiting vehicles, and (3) the foreseeable possibility of 
planetary expeditions. Especially the latter prospect has a 
catalytic effect upon the occupation with the conditions on other 
planets. Infact, in addition to the original question of indigenous 
life, prospective terrestrial visitors to other celestial bodies, 
rightly called astronauts, are understandably, in the firat place, 
interested in what conditions they will find there with regard to 
thetagelves; i.¢., from the viewpoint of human physiology. For 
“# Presented at the Lunar aad Planetary Exploration Colloquium, 

Santa Monica, California, 25 April 1959. 


“% Drofesser of Space Medicine and Advisor for Research, School 
of Aviation Medicine, USAF, Randolph Air Force Base, Texas. 
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Advances in Astrobiology 2 
H, Strughoid 
that field that covers beth of these questions - indigenous Hie 
and suitability for terxvestrial visiters - planetary ecology would 
be scientifically preferable to biology, because at present we do 
not know anything about living creatures on other celestial bodies, 
However, since ecology is a subdivision of biolegy, and the 
latter term is. generally better known and perhaps in a matter 
of 10 years we may have some knowledge about the existence and 
nature of extraterrestrial life, it might be better te use the term 
"Astrobiology." 

Astrobiology, as a book title, appeared first ina publication 
by Gabriel Tikhov in 1953. 1 used the word in the same year in 
the text of "The Green and Red Planet,’ and Flavio A. Pereira, 
i might add that in 1947 G. Tikhov also published a booklet with 
the title ''Astrobatany." So much about the terminology of these 
studies which attempt to extend ecological or biological considerations 
to other celestial bodies. In the following we shall discuss both 
of the aspects, indigenous life and the celestial bodies, as astro- 


nautical targets. 


i | 
i 
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li gives me great honor and pleasure to have been invited 
to this Lunar and Planetary Colloquium to give you a brief review 
about the advancesmade recently in astrobiology, The studies 
and advances in Astrobiology are based on theoretical considerations, 
vigual chservations, spectrographic analysis, and experimentation 
in the laboratory. 

First, in the area of theoretical studies, the application of 
certain basic écalogical principles and methods of approach have 
brought some order into astrobiological thinking. By applying 
certain well-known ecological cardinal points, such as the minimum, 
optimum and the maximum, or the principle of limiting factors, 
with regard to certain vitally important environmental components, 

= ‘ > ot * 2 
and oxygen, we arrive at a zonation in the ecological picture of 
our planetary system, an analogy to the zonation of the earth's 
climate into a torrid, temperature, and cold zone or belt. Such an 
attempt, of course, would be valid only for carbon-based biology. 
Extra carbonic biology is an interesting subject matter for 
speculation, but beyond the scope of this discussion. 

More in detail, beginning with temperature the sclar constant 


ag a moeagure of the intensity of heat-carrying rays, essentially 
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infrared rays of the stm, whick is about 2 g cal per em® per 
minute at the top of our atmosphere, increases te about twice this 
value in the orbit of Venus, and to 6 times of this value in the 
region of Mercury. At the distance of Mara it decreases to a 
little less than one-half, and at that of Jupiter to one-twenty-seventix. 
Pluto receives only one-sixteen-hundredth as much heat per anit 
area as the earth receives. The thermal irradiance from the sun 
influences, of course, the temperatures of all heat~absorbing 
media, such as the atrnospheres of the planets. We, therefore, 
observe great differences in the temperature of the planetary 
atmospheres and surfaces. We find a temperature belt favorable 
to life, a bictemperature belt or euthermal belt surrounded by @ 

= : . mr iéo i the Hot; 
Mare in the cold border zone and Barth in the golden middie of 
this blotemperature belt. Jupiter, Saturn, Uranus, Neptune and 
Pluto move in the remote hypothermal region. 

This thermal aspect immediately leads ts the question of the 
presence of water on the planets in its biological, useable, namely 
Haguid, form. Harlow Shapley speaks of 2 Liguid water belt in the 
planetary system which includes the Earth, probably Mars, and 


perhaps Venus. 
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A similar zonal consideration can be made with regard ta 
the factor of visible radiation, or Nght. The sky in space is dark 
everywhere, but the Wlemination received from the sun varies 
considerably. At the top of the earth's atmosphere, the illuminance 
from the sun is 13,000 foot candles, at the distance of Venus it 
increases to 26,000 foot candles, and in the orbit of Mercury, we 
would face 78,000 foot candies. At the distance of Mars, the value 
is 5660 foot candles, of Jupiter 590 foot candles, and at the distance 
of Pluto solar illuminance amounts to only 8 foot candles. It is, 
of course, difficult ta subdivide space inte photic zones. However, 
by and large, from a terrestrial point of view, we can consider 
thé regions beyond Venus as highly hyperphotic and those beyond 
the belt_of the asteroids as hypophotic. And the zone between them. 
may be considered as euphotic or biophotic. 

The ecological significance of the ultraviolet section of solar 
yadiation is evidenced by its effect upon the chemistry of the 
planetary atmospheres. ‘This haa been elaborated especially in 
the publications of Dr. Harrold Urey and Dr. Gerard Kuiper. 

{ According to these authors at protoplanetary times, some two and 


one-half billion years ego, all planetary atmospheres had about 
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the same chemical compasition: hydrogen and hydrogen compounds 
like ammonia, methane and water. In the course of millions of years 
under the effect of ultraviolet of solar radiation, these reduced 
atmospheres have been transformed into oxygen and/or oxygen 
compounds containing atmospheres bat only in the range from Fenus 
to Mars. The outer planets orbiting beyond the effective reach of 
Solar ultraviolet have preserved their protuatmospheric chemical 
composition up to the praseat. 

They form a hydrogen belt of the primordial brand in the 
plenctary systern. But Jupiter, nearest to the sun in this outer 
belt, shows some indication of photechemical reactions in the 


upper atmospheric regions, manifested in greenand reddish 


eolosations, which have recently been interpreted by F. O. Rice 

as caused by free radicals of methane and armmmonia in @ frozen state. 
Summarizing, this genera? ecological consideration leads 

ue to the assuroption of specific life-favoring ecological belts in 

the planetary sysiem such aa an euphotic belt, biotemperature 

belt, liquid water belt, and oxygen belt. Since all of these belts 

are found in about the sexne region, they are therefore parts of a 


general life sone which we might call ecosphere in the solar 
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planetary system and which is confined to the orbital range from 
Venus to Mars, (Fig. 2}. This ie the cone of the planets in which 
the kind of life new predominant on earth, is conceivable. On the 
planeta in the hydrogen belt, microorganisms such as hydrogen, 
ammouia, methane, and iron bacteria, are conceivable: these are 
the kind which probably populated the earth during its pretoplanet 
stage some two billions years age and which we still find today in 
the pores of the soil and other poorly aerated spaces. However, 
the low temperature on the outer, @o-to-speak, permafrost planeta 
excludes the possibility of life in the hydrogen beit. The sun's 
radiation in this region apparently has not been sufficiently effective 
to change the atmospheric environment on these planets into a 
a 2 8 a a 
Using the concept of the ecosphere, at the 1957 Annual Meeting 
of the International Astronautical Federation in Barcelona, Spain, 
Professor Jan Gadomaki, Director of the Astronomical Observatory 
af the University of Warsaw, Poland presented a paper on the "Star 
Ecospheres Within a Radius of 17 Light Years Around the Sun." He 
came to the conclusion that of the 59 stars in thie area of our 
gelaxy, by screening them as to their size, temperature, and 


vadiation, about 16 might have the properties of being eurrounded 
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by an eccephere. He concentrated in his mathematica! calculations 
upon extension of their ecospheres and placed the Sux, in this 
respect, in fifth place. Sirius A possesses the largest ecospaere, 
followed by Altair, Prokyon, and Alaph Centauri B. The next 
star after the Sun is Alpha Centauri 4. This paper resregents aa 
excellent example for the research opportunities in the borderland 
between Astrophysics and Biology. 
Returning to our solar system, in astrobiological studies 
Mara a the most earthlike planet is always. the prime object. 
With each opposition it moves into the focue of worldwide attention, 
which is specifically centered around the so-called dark green areas, 
They were the main topic on the program of 2 Symposium heid ata 
International Mars Carnmittee at Flagstaff, Arizona, in June 1957. 
There are two theories concerning the dark green areas on 
Mars: 
lj) the organic or vegetative theory, and 
{2} the inorganic theory explaining them as the result.of 
either volcanic eruptions (P, McLaughlin}, or of 
color changes of some hygroscopic inorganic material 
caused by variations of the seil's humidity (S.A. 


Arrehmins}. 


| 
| 
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Br. William M. Sinton, Smithsonian Observatory, reported 
recently on & new test for the presence of vegetation on Mara. 
This test depends on the fact that all organic molecules possess 
atrong absorption bands near 3.4 /% the wave length of the carbon 
hydrogen resonance. Spectra oi Mars taken during the 1956 
Bppesition indicate the prabable presence of this band. Although 
the lichen spectrum was used for comparison, the similarity 
between them, of course, does not imply that lichens are present 
qn Mars; it indicates sply that organic molecuies are present. “It 
seems unlikely, however, according to Dr. Sinton that organic 
material would remain on the Martian surface without being covered 


by dust from stormg, or being decomposed by the action of solar 


ultraviolet, enlegs they possess gome regenerative power," These 
studies support, therefore, the Martian vegetation hypothesis. A 
atrong regenerative power was firat postulated by B. G. Oepic in 
the Irish Astronomical Journal in 1956. 

At the same meeting Audouin Dollfus, from the Mendon 
Observatory, Paris, with I. Focas, Athens, Greece, reported on 
Polarimetric and Photometric Chservations on Mars and mixtures 
of dirt and plant material. His conclusions, too, favored the 


vegetation theory. 
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Doliius also made a2 balloon flight up to 6 miles, in order te 
make apectrographic measurements of the water content in the 


Martian atmosphere. A greater accuracy in such observational 


and spectrographic studies can be expected if much higher altitudes 
could be attained to avoid the blurring effects of tropospheric 
turbulence and the niasking effect of the telluric lines in the 
Spectrograzme. Such 2 transatmospheric observatory is now 
available with the ultra-high altitude balloons as developed by 
O. Winzen Research Corporation, Minneapolis, Minnesota, and 
as demonstrated by Lt. Colonel David Simon's flight up to 162,006 
feet for 32 hours, and similar flights by Captain Ross. 

fe ee cd, De. Ingeborg 
Schmidt, Department of Optometry, University of Indiana, 
Bloomington, Indiana, suggested at the Flagstaii meeting the 
application of certain advances made in the field of night vision and 
and color vision during the past 20 years. One of these Suggestions 
was that Mars should be observed with the telescope only with a 
light adapted eye and ansther, that all Mars observers should have 
an examination of their color vision. All of these papers, which 1 


have mentioned ga far have been published in the "Publications of 
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A new exper 


mantal approach in estrobiclegy has been 
made vecently by examining the behavior of terrestrial 


microorganisme under simulated Mar 


an conditiena in Mare 


Gharnbers at the Department of Micrabiology at the School of 


= 


ie Force Base, 


vhation Medicine, USAF, Randolph 


exas. 
These studies to date indicate that ceriain kinds of soil bacterie 
perish, others, however, net only survive but increase in 
numbers during exposure te certain simulated Martian 
atmospheric canditions. 


2 Such experiments must be extended under simwlated Venusian 


atmospheric conditions in Venus Chambers. All of these studies 


interest, not only from the standpoint of astrabiology but also of 


general biological and phResophical interest, 
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All of these papers, which i have mentioned 


$0 fay have been published inthe "Publications of 
the 4atronomical Society of the Pacific in ¢ special issue “Problems 


Common to Astrenomy ané Bielogy.'! Several books dealing with 
i "Lite on Mars" have been published during the past five years. 

Among them a book, entitled "Mare, the Red Planet," by the 
astronomer Dietrich Wattenberg in East Berlin, which ie so-te-speak 
the “bebiad the iron curtain counterpart of my own little book, "The 
Gueen and Xed Planet." Wattenberg's book gives a very gond 
survey of the. studies and opinions in both the Western and Eastern 
world. 

in Russia the ourstanding Mars researcher is the astronomer 


G. Tikhof at the Ata Mata Observatory and a member of the Academy 


of Science in Moscow; another is Dr. Baranoshev, also an academician, 
————" TIRIOV States with nia Hicdies at about the Hame time that Percival 
Lieowell in Flagstaff published his famous book, “Mars as an Abode of 
Life, in 1909. Tikhov concentrated on the optical properties 
{Reflection and Absorption} of terrestrial plants and campared them 
with thoge of the dark green areas on Mars. Similar studies of the 
reflection spectrum of ight -- as you know -- have been made by. 
Dr. J. Kuiper, Chicago, published in 1949 in hie book “Planetary 
Atmospheres. Whereas Kuiper concentrated on the visible spectrum 


which comprised the cbserption band of chiorephyl, Tikhov chose the 
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infrared portion of the spectrum and made extensive comparative 
studies on plants, which grow under severe temperatuve conditions 
such as those found on the Pamir Plateau in South Central Asia and 
in the Arctic. He reported that the colder the climate, the less is 
the reflecting power of plants in the main heat-carrying rays from 
infrared to red and yellow. Optically, this means that their color 
is shifted to the bluish side. Ecologically, it means that they 
absorb more heat. Since the dark areas on Mars show a strong 
bluish green tint, Tikhov thinks that the plants on Mars have 
developed just these optical properties for adaptation to the severe 
Martian climate, Another optical phenomenon of plants he studied 
is that of self-radiation in the infrared, which results in similar 
optical and thermo regulatory effects as the absorbing and reflecting 
power, All of theee properties, manifested in the color of plants 
are essentially adaptation to the general level of the environmental 
temperature. On Mars, therefore, where the climate is vigerous, 
the plants are of blue shades. On Earth, where the climate is 
intermediate, the plants are green, and on Venus, where the climate 
ia hot, the plants have orange cclors ~ 30 says Tikhev, He has 
published his findings and conclusions in twe books entitled 


‘astrobotany" and “Astrobiology” in 1953, ag already mentioned, 
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end also he founded a Department of Astrobiolegy at the Ata Mata 
Observatory surrounded by an astrobotanical Garden. 

But i would like ic mention also that another scientist, Olga 
W. Trovigkaja, is not se optimistic. In 2 paper published in 1952 
she expresses the opinion that only anarobic, very cold-resistant 
microorganisms are conceivable in the Martian climate. And 
another Russian astronomer, W. G. Fessenkov, flatly rejects the 
theories of his academic colicague, Tikhov, and the Martian 
yegetation theory in toto. There is apparently no party line in 
the opinion insofar ag extraterreatrial planetary matters are 
concarned, 


So, you see, the problem of the green areas on Mars is far 


from being solved. ULspecially is it difficult to explain thei rapid 
expansion in the Martian Spring. Following the melting of the ice 
caps they progress towards the equator with a speed of 5 to 10 miles 
per day. No such growth rate is known to ug in the terrestrial 
plant kingdora as has been emphasized by Dr. Frank Salisbury 

at the Flagsiaffi meeting. Perhaps one could explain it witha 
sleeping, droaped down pesition of the leaves during the winter, a 
kind of hibernation, followed by the leaves in 2 horizontal position 


expanding in the Spring. Then, Dr. E. C. Slipher discovered a 
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new green area in a region which was formerly a. desert. The 
firet traces of it were visible in 1939 and it now covers an area 
of almiost the size of Texas, Some of these Martian riddles will 
probably not be soived before an astronaut actually makes cantact 
with this planet. This leads into the second question: What kind 
of atmospheric environment he would find there with regard io. 
himself, or in other words from the standpoint of human physiology, 
and miore especially what kind of Protective measures would he 
have to take concerning respiration, 

First, atmospheric entry will pose fewer aerodynamic, 
aerothermodynamic and pertinent physiological difficulties than 
thoge that are encountered in the terrestrial atmosphere because 
of the lower air density and lower Teeniry velocity. At ground level -~ 
there ia, by the Way, no sea level on Mars because af the absence 
of open bodies of water -- the barometric pressure is about 70 mm Eg. 
This pressure corresponds to an altitude of 55,000 feet in our 
atmosphere, Barometrically, this altitude is, so-to-speak, the 
Marsequivatent level in our atmosphere. The oxygen pressure at 
ground level is probably lower than it is in ou Stratosphere, Our 
pilots flying at altitudes of 55,000 feet must wear pressure suits. 


The same would be required for an astronaut on Mars when he leaves 
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the sesled compartment ef his space ship. However, an air pressure 
of 70 mm Hg. Hes just in the critical border range in which a pressure 
suit, ov simple oxygen equipment with pressure breathing, are 4 
matter of dispute. Oxygen equipment with pressure breathing may 
be sufficient for shorter periods of time ~ for twenty minutes or sa. 
And herve I wauld like to mention that B. Balke, of the Scheol of 
Aviation Medicine, United States Air Force, at Randolph Air Force 
Base, Texas - after spending six weeks at a height of 14,800 feet 

at Moracocca, Peru, for acclimatization purposes - was able to 
withstand an altitude of 58,000 feet in 2 low pressure chamber for 
three minutes, applying pressure breathing only. A certain altitude 


adaptation of the astronaut can be expected if the air pressure in 


the sealed cabin is kept at a presaure of half an atmosphere during 

the trip. Be that as it may! A terrestrial explorer on hiars, wearing 
& pressure suit or pressure breathing device, must always retreat 
after an hour or hours - depending on the perfectness of the equipment ~ 
inta the more convenient sealed compartment of the ship, which 

Should have its landing place on the lowlands because ~ with regard 

to the respiration equipment.- every millimeter Hg of air pressure 


éounts. Sach a depressed area is, ior instance, the Trivium Charontis 
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a conspicuous dark greenish patch, which is eccording to Glyde 
Tombaugh, several thousand feet below the level of the surreundiag 
desert. 

tn the event of a leak in the sealed compartment sr im the 

pressure auit, the astronaut would encounter the same rapid 
decompression effects including anoxia and aeroemboliam ag the 
pilote in eur atmospheric region do at around 50,000 to 55,008 feet, 
He would net, however, be endangered by “ebulliem" ar the sc-cailed 
“boiling” of body fluids. This effect becomes manifest on Mars at 

an altitude of 13,000 feet which corresponds to 63,006 feet in our 
atmosphere. 

These are the essential peints which must be considered to 
——_~nswtnsure ihe phy@lological alr pre@sure and oxygen supply foran SCS 
astronaut. <A factor which might facilitate the oxygen requirement 
and the mobility of the astrenaut, might be the relatively low gravity 
on Mars, which is 38 percent of that on Earth. A 170-pound man 
would weigh less than 79 pounds. 

The temperature in summer during the day in the aquatovial 
region may reach 25°C. After sundown, when the temperature 
dvops very quickly to 45°C, the gpace cabin must provide adequate 


protection, Harmful.effecte from solar ultraviolet rays can he 
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disregarded. And even if they were not sufficientiy filtered ont 
by the Martian atmoephere, the skin of the astronaut ie always 
protecteé by the respiratory equipment or the cabin. Health 
hazards from primary coamic rays, toc, are probebly not ta be 
expected because of the atmosphere's absorbing power. The same 
would certainly be true concerning meteorites. 

The intensity of daylight on Mars is lower than on Earth, 
but stil in physiologically desirable limits. The color of the sky 
ig probably bluish white, due to scattering of light by the air 
molecules and ice crystals. Finally, an adaptation of the astronaut 
to a different day-night cycle is not necessary, since the day-night 


cycle on Mars is only 37 minutes longer than that on Barth. 


Such are the climatic environmental conditions that a terrestrial 
explorer probably will find on Maré izom the standpoint of human 
physioiegy. 

i would like to conclude my remarits with the question: “Are 
there foreign environments, or approximationg io the atmospheres 
of other planets found on our Earth?" 

There are the dangerous ‘fire damps" sccasianally found in 


coal mines which consist of Methane (30 to 90%}, Nitrogen (4 to 50%), 
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Carbon Dioxide (2 te 10%}, and Osygen (2 te 3.5%}. Sucha 
camposition shows features of Jupiter’s atrnasphere and those 

of the atmosphere of Yenus. 

The so-called seil atmesphere, fosnd in the pores of the soil, 
shows a lower concentration of oxygen and 2 higher concentration 
of carbon dioxide. This is a trend te the Yenugian air, it also 
shows an enrichment in Methane and Ammonia. These chemical 
constituents give the soil air a protoatmospheric and Jupiter 
flavor, Greatly responsible for the chemical constitution of this 
micro~climate are bacteria. 


And, finally, we find a type of atmosphere resembling that 


of Venus in volcanic fumaroles, which are little craters, where 


carbon dionide has escaped from the interior of ‘the earth and hag 
displaced the aiz on the ground, because of ita heavier weight. 
Such places are the Grotto del Cane at Pussuoli near Naples, the 
Mofietten {vents in the laat atages of volcanic activity) on the 
eastern short of Lake Laach in the Rhineland, and the Death Valley 
on the Dieng Plateau in Java. Some lower places in this valley are 
barred to animal life on account of their carbon UHoxide enrichment 
of the air. Bodies of birds and mice are sometimes found in these 
axeas; they died when they ventured inte this toxic air. This shows 
that we bave on earth places with an atmospheric environment which 
hae a touch of Venus! 
| 
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ASTROBIOLOGY* 
By 


Hubertus Strughold, MD, PhD** 


Terminology and History. One of the new scientific 


fields that is fast developing in this space age is Astro- 
biology. Biology is that field of science which studies life, 
as it is known to us, in all its forms, functions, and phenomena, 
and its environmental and biotic interrelations. Astrobiology 
extends biological thinking to other celestial bodies such as the 
planets and their moons, 

Since we do not know anything about creatures on other 


celestial bodies, the ecological aspect is presently the only one 
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astroecology and planetary ecology, therefore, are more accurate 
at present. However, because ecology is a branch of biology and 
we soon may have knowledge of life on other celestial bodies, 
astrobiology is probably the more practical designation; especially 
since this term is generally better understood. Actually, it is 
already firmly established in literature. 

The term astrobiology appeared for the first time as the title 
of a book written in 1953 by G. Tikhov, Russia, and in the same 
year appeared in the text of a book by myself. Again, in 1957, it 
was the title of a book by F. Pereira, Brazil, Actually this line 
of thinking was initiated by a report of G. Schiaparelli in 1887 


about "'canali"' on Mars, written almost a century ago, Since 


then numerous publications concerning life on other planets have 
appeared, (P. Lowell, E. M, Antoniadi, E. W. Maunder, A. S. 
Jones, and others). 


The rapid development of rocketry in the past 10 years has 


given a tremendous impetus to the occupation with the problem of 


life on other worlds. Additionally, it has specifically posed the 


question as to what kind of environment an astronaut would find 
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on the moon and the planets with regard to his own-survival} i.e., 
from the standpoint of human physiology. This space medical or 
astromedical study will not be discussed in this article, and we 
shall confine ourselves strictly to the question of indigenous life 
on other celestial bodies--the proper topic of astrobiology. 
Astrobiological ‘considerations can be based (a) on the 
assumption of the kind of life known to us, with carbon as the 
basic structural atom, or (b) on the assumption of other forms 
and processes of life unknown to us and based on other elements; 
for instance, on silicon. This extracarbonic biology, or we 
might call it parabiology, is beyond the scope of this discussion, 
EE 
The evolution of the earth's atmosphere as an astrobiologi- 
cal model, In the center of astrobiological studies are the | 
planetary atmospheres, their chemistry, temperature, and 
other properties, 
' The most interesting aspect is that of the atmosphere's 
chemistry especially if we include its historical evolution. This 


{ 
i 
i 
| 
leads us into the field of paleo-astrobiology. Using the chemical | 
i 
: 
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development of the earth's atmosphere as an astrobiological 


model for a life-supporting planet, we can assume that the 
terrestrial primeval atmosphere or protoatmosphere contained 
essentially hydrogen, methane, ammonia, water, and helium. 
According to modern astrophysical theories (H. Urey, G. 
Kuiper, L, Wild), the water molecules in this reducing atmos- 
phere were split into hydrogen and oxygen by ultraviolet of 
solar radiation (photodissociation), The lighter hydrogen 
escaped into space and oxygen remained. This initial oxygen 
oxidized ammonia to nitrogen (N2) and water, and similarly 
methane to carbon dioxide and water. With the appearance of 
chlorophyll-bearing plants (algae), about one and one-half 


ion years ago, oxidization of the protoatmosphere was 


accelerated by the process of photosynthesis. With this, biology 


entered the. picture of the chemical transformation of the earth's 


gaseous envelope. In the course of millions of years most-of 

the atmospheric components became oxidized by the photosyn- 
thetically produced oxygen and evena surplus of this vital element 
accumulated in large amounts, In the present-day atmosphere 
this stock of free oxygen (O02) amounts to 1.2 quadrillion metric 


tons. 
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Summarizing, we find in the historical development of the 
terrestrial atmosphere two basic types of atmospheres with 
pronounced chemical reaction tendencies and logically a 
transitional stage between the two: 

1, A reducing protoatmosphere. In this anoxic hydrogen ' 
atmosphere, which was found in the early phase of the proto- 
atmosphere, organisms are hardly conceivable, If, however, 
organic compounds. such as amino acids, etc, ,,were produced 
from methane, ammonia, and water by solar ultraviolet radia- 
tion or other photochemically effective rays with some CO2 
available (see later), anoxibionts could have existed in this 
phase of protoatmosphere. These, then, would have been the 


Pee eR ND 
protobionts. on our planet. 


2. A transitional stage with increasing oxidizing power. 
In this later stage of the protoatmosphere, chemautotvopha 
(iron-, sulphur-, ammonia-, and hydrogen-bacteria) and photo- 
autotrophs (chlorophyll-bearing organisms of lower order) could 
have existed. 

Large iron deposits such as those found in the area of the 
Great Lakes in the United States are the result of the activity of 


iron bacteria. These deposits are one and one+half billion years old. 
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3, A-highly oxidized atmosphere with a large amount of free 
oxygen. This type of atmosphere, which we observe today, pro~ 
vided the basis for the development of higher plants, animals, 
and man. We must keep in mind that behind the scene of this 
chemical transformation as the effective agenty was, and is, 
solar tadiation. The knowledge of this pattern of the historic 
evolution of the chemistry of the earth's atmosphere and the 
development of the biosphere (= living world) and its active role 
in this process, gives us the nécessary platform for a better 
understanding of the present-day atmospheres of the other planets 


and of their chemo-ecological qualities. 


The chemistry of present-day planetary atmospheres, It can be 
ooo asstimed that the protoatmospheres of the other planets, about 


2 1/2 billion years ago, had the same chemical composition as 


the protoatmosphere of the earth. Then it can be expected that 
they must have very different properties now since they have been 
exposed to different intensities of ultraviolet of solar radiation 
corresponding to their respective distances from the sun. The 
planetary distances are such that each successive planet is. about 


twice as far from the Sun as the preceding one (Bode's. Law), 
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Table I shows the main chemical components of the plane= 
tary atmiosphéres in the order of their abundance. We find, in 
the solar planetary system in its present state of development, 
two basic types of atmospheres: 

(1) Hydrogen and hydrogen compounds containing atmos- 
pheres onthe outer planets (from Jupiter to Pluto), and , 

(2) Oxygen and/or oxidized compounds containing atmos- 
pheres on the inner planets with three varieties: 

The Terrestrial atmosphere, a dense oxidized atmosphere 
with a high content of free oxygen, 

The Venusian atmosphere, a dense oxidized atmosphere 
with no or only a small amount of oxygen, and 


ya in oxidized atmosphere, also 


with only traces of free oxygen. 


The group of the oxygen dominated atmospheres of the 


inner planets represent a kind of oxygen belt in the planetary 


4 


system with the earth as the oxygen planet. The group of the 
hydrogen-dominated atmospheres form a hydrogen belt. These 
two belts correspond exactly with the two basic phases in the 
historic development of the earth's atmosphere: the hydrogen 


phase some 2 1/2 billion years ago, and the present oxygen 
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phase, The atmospheres of the outer planets, while beyond the 
photochemically effective range of solar ultraviolet radiation, 
apparently havé preserved the brand of the protoatmosphere 
phase up to the present time; they are. still protoatmospheres, 

it is interesting to note that there is no intermediate type 
of atmosphere in the planetary system; this can be explained 
with the existence of a wide spatial gap between Mars and Jupiter. 

So much for the chemistry of the atmospheres of the 
planets. They all belong to the same family of celestial bodies 

a 


but revolve around their central body--the Sun--at different 


distances and as a result they show a different chemistry which 


is ecologically significant, 


planetary atmospheres which, too, is dependent on the solar 
distance. Temperatures on planets which are favorable to 

life are found only in a certain solar distance range (Fig. 1 ). 
We can call this zone, biotemperature belt, in the planetary 
system, Venus lies in the warm, or hot; Mars in the cool, or 
cold; and the Earth in the goiden middle. of. this biotemperature 


belt. The group of the outer planets, with temperatures ranging 
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from -140°C to ~ 250°C, lie outside of this belt of life-supporting 
temperatures. 

In about the same area, dependent on temperature, water 
is found, or is conceivable, on planets in its biologically use- 
able form; namely, in the liquid state. H. Shapley called this 
zone the "liquid water belt" in the planetary system, 

And, as we have seen, we can also speak of an oxygen belt 
in the planetary system which includes oxidized compounds, such 
as carbon dioxide, 

With regard to the light conditions, another important 
ecological factor, we may also speak of a euphotic or biophotic 
belt, All of these belts are found at about the same distance 
rom the sium, 

To cover all of these ecological factors we can use, for 
this life-favoring zone the more general term ''ecosphere, '! (Fig. 2), 
in the planetary system, or helio-ecosphere. This ecological 
belt, or zongy of the golden orbits is a relatively narrow zone 
and represents less than 5% of the whole range from the Sun to 
Pluto. In this belt total solar irradiance ranges from roughly 


ie -t 
4to 0,5 cal cm 2 min and solar illuminance from 270, 000 to 
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40, 000.lux.(= lurnen per square meter). For comparison, the 
corresponding values on the earth's surface reach, maximally, 
1.4 cal em ine and 108, 000 lux, respectively. The concept 
of the ecosphere, also referred to as “habitable zone; " has 
been applied to other stars, recently (J. Gadomski, H, Shapley, 
and others). In such a comparison our solar system can serve 
as an astrobiological model for other stellar ecospheres, just 
as we used thetearth previously ds‘an’astrobiological 
model for other planets, 

Individual Planets 

Returning to the solar system, from all our general 
ecological considerations it seems to follow that besides the 


earth only Mars, and perhaps Venus, may qualify as bioplanets. 


On the outer planets microorganisms, such as hydrogen 


bacteria, methane bacteria, etc., are conceivably just the 
same as in the terrestrial protoatmosphere if the temperature 
on the surface is within physiological limits. 

Of the ecospheric planets, Venus, constantly and com- 
pletely covered with dense clouds, probably consisting of carbon 


dioxide crystals, is wrapped in mystery concerning its surface 
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features. The thermal environment on this planet might be on 
the hot side due to its nearness to the sun, and a 'greenhouse!! 
effect in its carbon dioxide-enriched atmosphere, 

The Martian atmosphere is rather transparent and permits 
observation of the planet's surface, Because of this, Mars is 
the favored planet for astrobiological discussion and has been so 
since Schiaparelli's description of canali and the observation of 
dark green areas which show seasonal color changes of the kind 
we observe in terrestrial plants. They have recently again 
become the subject of intensified studies with the improvement 
of spectrographic technic and the Possibility of transatmospheric 


observations from balloons. 


There are three theories concerning these dark green areas 
on. Mars; 

(1) The organic or vegetation theory, 

(2) The inorganic theory explaining them as the result of 
either volcanic eruptions {P. McLaughlin), or of color changes of { 
some hygroscopic inorganic material caused by variations of the 


soil's humidity (S. A. Arrhenius), and 
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(3) The physiological optical theory which explains the green 
color as a contrast phenomenon against the yellow-red surround - 
ings. 

In the following I shall confine myself to those theories 
which involve biological or physiological aspects. 

Concerning the vegetation theory, we must consider the 
following climatic data: Oxygen is present on Mars only in 
traces; the carbon dioxide pressure is considerably higher than 
on Earth, and nitrogen is in abundance. Water, however, is 
very scarce. The light intensity is about 40 per cent of that on 
Barth; high enough for photosynthesis of the kind we know, The 


amplitude of the day-night temperature variations in the equa- 


can reach 25°C, but drops during the night to -45°C and lower. 
In general, then, the physical conditions are, in terms of 
terrestrial botany, extremely severe with the exception of 
sufficient carbon dioxide and light and suitable temperatures 
during the day. 
Such conditions could, according to terrestrial standards, 


i 
support. only very hardy and cold-resistant organisms. 
| 
| 
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But we must not consider only the climate as a whole, but 
also the so-called microclimate near, on, and below the ground, 
influenced by surface and sub-surface features, snow coverings, 
hollows, caves, etc., which usually moderate the extremes of 
the. macroclimate, 

And then we must not only look upon the physical ecological 
side of the problem but also upon its physiological side; that is, 
the enormous capacity of life to adapt itself to abnormal climatic 
conditions. With regard to the specific environment on Mars, 
we should consider the possibility of adaptive phenomena such 
as storing of photosynthetically produced oxygen in intercellular 
Spaces as we find them especially in the 

Se CC SS er 
our desert plants; a stronger absorbing power of the plant sur- 
faces for infrared; and a shift in the reflecting power toward blue 
for temperature control as it has been found in our subarctic 
plants. Protection against frost could be imagined if the Martian 
plants were able to produce some kind of anti-freeze such as 


glycerol as a metabolic by-product. When searching for clues 


Sener ee 


in the botanical literature, I found that some of our terrestrial 
lichens de facto contain erythroi,; which belongs to the same class 


of chemicals as glycerol. 
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What are the results of observational and experimental 
studies ? 

Dr, William M, Sinton, Smithsonian Observatory, found 
strong absorption bands near 3.4 micron, the wave length of 
carbon hydrogen bond. This indicates the presence of organic 
molecules. He emphasizes that this organic material would 
easily be covered by dust from storms, unless it possesses 
some regenerative power, A strong regenerative power was 
first postulated by E. G, Oepic. 

Andouin Dolifus, from the Mendon Observatory, Paris, 
with L, Focas, Athens, Greece, made polarimetric and photo- 
metric observations on Mars and, for comparison, on mixtures 


oL dirt and plant material, His results, too, favor the vegeta- 


tion theory. 


In Russia the outstanding Mars researcher was the 
astronomer G, Tikhov at the Alma Ata Observatory, He studied 
the optical properties (reflection and absorption) of terrestrial 
plants and compared them with those of the dark green areas 
on Mars. He could not find the main absorption bands of 
chlorophyll in the spectrogram of the dark green areas, in 


i 
i 
conformity with G. Kuiper. But he found strong absorption in i 
i 
| 
i 
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the infrared, He observed the same in plants growing under 
severe conditions(as on the Pamir Platéau in South Central 
Asia and in the Sub-arctic), He advanced the opinion that the 
colder the climate, the less the reflecting power of plants 

in the main heat-carrying rays from infrared to red and 
yellow. Optically, this means that their color is shifted to 

the bluish side, Ecologically, it means that they absorb more 
heat, Since the dark areas on Mars show a strong bluish- 
green tint, the plants on Mars may have developed just these 
optical properties for adaptation to the severe Martian climate. 
All of these properties, manifested in the color of plants are, 


essentially, adaptations to. the general level of the environ~ 


mental temperature. On Mars, therefore, where the climate | 


| 
i 
} 
| 
i 


is vigorous, the plants are of blue Shades; On Earth, where 

the climate is intermediate, the plants are green, and on Venus 
} 

where the climate is hot the plants have orange colors--accord- 


ing to Tikhov, He first published his findings and conclusions 
in a book entitled "Astrobotany, "in 1947, and “Astrobiology, "' 


in 1953. He also founded a Department of Astzobiology with an 


astrobotanical garden at the Alma Ata Observatory. 
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Another Russian scientist, Olga W. Troizkaya, is not so 
optimistic and gives only anarohic, very cold-resistant micro-~ 
organisms, a-chance for existence in the Martian climate. 

Most of the astrobiological researchers are in favor of 
the Martian vegetation theory. Nevertheless, the problem of 
the green areas on Mars is far from being solved, Especially 
is it difficult to explain their rapid expansion in the Martian 
spring. Following the melting of the icecaps they progress 
toward the equator with a speed of 5 to 10 miles per day, No 
such growth rate is known to us in the terrestrial plant kingdom, 
as has been emphasized by Dr. Frank Salisbury. Perhaps one 


could explain it by a sleeping, drooped position of the leaves 


16 


during the winter--a kind of hibernation. Then, it could be 
imagined that in spring they expand in a horizontal position, 
fully exposed to sunlight and to the eye of the astronomer. 
But the human eye as such also requires attention in the 
astrobiological evaluation of the dark green areas. Are the 
green colorations on Mars real, or are they a contrast 
phenomenon? First of all, observation of the green areas on 


Mars requires normal color vision of the observer, as has 
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been emphasized by Dr. Ingeborg Schmidt, Indiana University, 
The same author made experimental studies with gray patterns 
of different forms and sizes on a yellow-red background, and 
came to the conclusion that. some of the green colorations on 
Mats are probably contrast phenomena, especially if the areas 
are small, This conforms with earlier observations of G, 
Kuiper who, with great magnification, found traces of moss- 
green colorations when observed with the peripheral retina. 
When observed centrally the areas appeared dark gray. But 
green or not green, it does not exclude the possibility of 
vegetation on Mars. 

All this shows that the question of life on Mars is 
presently in a lively flux of theoretical, observational and ‘ 
experimental studies; but it might be that the final answer will ' 
not be available until the first astronaut sets his foot on this 
‘red, "or 'red and green, ' or "red and apparently green" 
planet, and telemeters his findings down, or up, to his home, 
or not-arny-longer home, planet Earth, to the delight or dis~ 


appointment of the followers of the various Martian theories, 
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Anew experimental line of astrobiological studies is that 
of examining terrestrial microorganisms under simulated 
Martian conditions in Mars chambers, as carried out in the 
Department of Microbiology at the Aerospace Medical Center, 
Brooks Air Force Base, Texas. These studies indicate that 
certain kinds of soil bacteria perish; others, however, not only 
survive but increase in numbers during exposure to an environ~ 
ment in which most of the Martian atmospheric conditions (air 
pressure, composition, and temperature) are reproduced. 
Such experiments, which should be extended in Vania chambers 


and Jupiter chambers, are not only of astrobiological but also 


of general biological interest insofar as in this way the 'trupgle 


for existence of life,'as conceived by Charles Darwin, is shifted 


from a terrestrial to a cosmic level. They are also of signi- 
cance with regard to contamination of other celestial bodies by 
terrestrial organisms, and vice versa, This subject matter may 
become an important subfield of astrobiology. 

Astrobiology, of course, is also interested in the qnestion 
of the origin of life. In this respect there are two theories. 


First, the panspermia theory according to which microorganisms 
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are distributed through space under the effect of light pressure, 
or by means of meteorites as carriers. 

Another theory suggests that life originated on the individual 
planets. Concerning Earth, it has been theorized that in its 
protoatmosphere, containing hydrogen, ammonia, methane, 
and water vapor--some 21/2 billion peut agos-organixieelipsunds 
such as amino acids were produced by ultraviolet of solar 
radiation, cosmic rays, or by lightning, and settled down in 
the oceans and turned them into a kind of organic "nutritional | 
soup.'' This prebiotic material is considered to be a pre- 
condition and pre-stage for the origin of life. That such photo - 
chemical or electrochemical reactions occur could be verified 
six years ago by means of electrical discharge in a chamber 
containing the gas composition of the primordial atmosphere 
(S. Miller). 

After the discovery of the Van Allen belt, it now suggests 
itself that the particle rays trapped in the geomagnetic field 
may have played an important role in this respect. The horns 


of the outer radiation belt, which dip considerably into the 


atmosphere in the sub-arctic latitudes, manifested in polar 
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lights and increased temperature, may have been especially 
effective locations for the production of pre~biotic material, 
particularly after solar flares. Such an assumption would 
also be of interest concerning the possibility and origin of 
life on other planets, I think the inclusion of the geo+ 
magnetically produced radiation belt, in addition to solar 
ultraviolet radiation into the problem of the origin of life at 
protoatmospheric times, offers a promising platform to the 
physicist and biologist for theorizing and experimentation, 
Now, in conclusion, one might ask, 'What's the use of 
astrobiological studies?" It will be of benefit to general 


biology! As an example of the inorganic world, helium was dis- 


covered in 1876 in the spectrogram of the Sun, from which it 
obtained its name. And it was thought that this was an element 
found exclusively in the Sun. Twenty years later it was die- 
covered on Earth, too. In the same way, by looking upon the 
planets, upon the green areas of Mars, by studying their 
absorbing, reflecting, and other properties, we may discover 
things that have. been overlooked in terrestrial biology and 

botany. Only the extension of our biological thinking into a cosmic 


spectrum. will make our knowledge and efforts in the life sciences 


complete. 
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Chemical Components of the Planetary Atmospheres 


(After 8. Hess, G. Kuiper, H. Urey, 
G. DeVaucoulers and Fr. Whipple) 


Solar Distance Most important atmospheric chemical 


Planets in Million components in order 

Km of abundance 
Pluto 5910 H, He CH4* 
Neptune 4493 Hy He CH, NH3*  H26%" 
Uranus 2872 Hz He CH, NH3* H20* 
Saturn 1428 H, He CH4 NH, H20* 
Jupiter 778.3 H, He CH, NH, H20* 


Mercury 57.9 “= + ~- -« acon 


* Probably in frozen state only. 
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If we ify <0 analyze any planetary environment froma space medic 


al point of view, it is practical and logical to consider 


estro: 


ihe various components in the same sequence as astronauts would 
encounter them on a landing mission. These environmental elements 


ré the gravisphcre, magnetosphere, atmosphere, lithosphére, hydro- 


o 


sphere and biosphere. Advance knowledge of them is vital for the selec 


tion of the parking orbit in circumplanetary space, the landing technique 
for the physiological and biotechnical requirements in a planetary statio 
and for extra~stational activities and for telecommunication. 

‘Mars wiil be the first posi-iunar astronautical target. Let us, 


therefore, imagine that we are in a space ship on the way to the red 


planet. Concerning the flight trajectory, I should like to mention only 


what from & medical point of view it snould-be a "high-energy trajectory" 


and not a "minimum-energy jectory” in order to shorten the: duration 


the journey from 8-1/2 months to at least 30% of that time, which mic 


Fn 
eh 


G. 


be acnseved by new types of propuision. 


Paper preserited by Dr. Strughold at the meeting of the. Aviation Write: 
association, Gramercy Inn, Washington, D. C., 12 July 1965 


**Professor of Space Medicine end Chief Scientist, Aerospace Medical 
Division, Brooks AFB, Texas 
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As soon as our space ship, which we might name "Marsella," com 
closer than one-half million kilometers to Mars, it enters its sphere of 
predominant gravitational attraction or inner gravisphere, or satellite 
sphere, and can now go into a parking orbit for observational tasks or 
for the preparation of the landing manuever. But several times this dista 
the gravitational attraction of Mars gradually becomes noticeable in 
the vehicle's trajectory and velocity. 

Table I shows the orbital velocities and periods at ireely-selected 
altitudes in circum-Martian space, including the two natural Martian 
satellites: Deimos (mean orbital distance 20,100 km) and Phobus 
(5,980 km). i 


The question arises: Are there radiation hazards for an orbital 


vehicle from a Van Allen-type radiation belt? A prerequisite for the 


existence of a radiation belt would be a Martian magnetic field, strong 
enough to trap particle rays. The region within which the Earth's 
magnetic field forces are effective to influence the flux of these rays 
has been termed "magnetosphere" by Thomas Gold. Since Mars, among 
the metallic-rocky planets, which are the inner planets, is considered 
more. on the rocky side, its magnetosphere , if it exists, should be 
weaker than that of the Earth. Consequently, the radiation belt should 
also be weaker and of different configuration; but the answer should 


2 


Page 180 


come soon from measurements by means of magnetometers and radiomété 
carried in Martian probes. 

On Earth the space below the Van Allen Belt, up to 800 km, poses 
no radiation hazard. The radiation dose the astronauts have absorbed 
so far in this so-called magnetic cavity, is less than 1 millirad per 
hour. It is reasonable to assume that a similar situation exists in circe 
Martian space, anda parking orbit at 200 km altitude would be a safe 
and practical one. 

From this orbital altitude the areonauts could overlook an area 
greater than 1,000 km in radius, and with the unaided eye could resolve 
objects on 'the Martian surface less than 50 meters in diameter. Even 
4 lower altitude such as 100 km might provide a sufficient orbital life- 
time for the pre-landing maneuvers. This latter depends on the extensic 


of the mechanically effective or sensible atmosphere, and this mechanic 


border is determined by the total atmospheric mass, gravity and tempera 
ture, which together are responsible for the surface air pressure and der 
and their vertical profile. On Earth, with gravity 1 g and air pressure. of 
760 mm Hg, the sensible atmosphere manifested in drag lies around 
150 to 200 km. The estimates for the surface air pressure on Mars range 
: from 65 down to 20 or 10 mm Hg. The sensible atmosphere may lie. ariy- 
where from 150 to 50. km. Be that.as it may, bailistic atmospheric entry 


on Mars would be smoother, and consequently would result in less 
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deceleration stress and thermodynamic hazards than encountered in 

the terrestrial atmosphere. In addition, ‘the orbital velocity before. firin 
the retro-rockets at 200 km altitude on Mars is only 3. 46 km/sec as 
compared with 7.8 km/sec at.the same altitude on Earth. Furthermore, 
if the air pressure should be in the range of the earlier estimates 

(65 mm Hg) aerodynamic landing would be the method of choice. 

Of special medical or physiological interest are the surface air 
pressure and chemical composition, If we assume a surface air 
pressure of 65 mm Hg or 85 millibar, previously derived from Rayleigh~ 
scattering measurements, such an atmosphere, which would be pressure 
equivalent to 17 km in our atmosphere, would lead to anoxia even in 
Martian lowlands; but boiling of the body fluids or ebullism would ocew 


at 5 km, corresponding to 20 km in our atmosphere. It could be classi-~ 


sreamanroneoeonneicna nnn noone oon eSonOSTOnanO ORO ATU OAS ONTO ORO STO SPST SORTS SPONSORS DTTC 
fied as a partially space-equivalent atmosphere in contrast to the 


totally space-equivalent lunar atmosphere. Recently, however, a 
Martian air pressure of 25 to 10 millibar, based on spectroscopic 
observations, has been suggested. This would not make any great. diffe 
ence with regard to respiration, since terrestrials on Mars would have 
to wear full-pressure suits. In cases of a leak, however, they would 
be endangered by ebullism because the air pressure would be equivalent 
to that at an altitude of higher than 20 km on Earth. We must wait 
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for more evidence as to whether we heave to base. our space médical 
considerations on a lower or higher than 20 km Earth atmosphere- 
equivalent Martian atmosphere; i.e., below or above th ebullism line. 
The radio signal occultation experiment planned during the Mariner IV 
rendezvous ,.one hour after its closest approach, might give us importan 
information in this respect. 

The chemical composition of the Martian air probably includes 
nitrogen, argon, and carbon dioxide--an assumption based on extrapola: 
tion of general planetary evolution--and it contains traces of oxygen 
and of water vapor, measured spectroscopically. 

All in all, the physical and chemical characteristics of the 
Martian atmosphere require a closed ecological system for a ground 


station, but in contrast to a vacuum-surrounded Moon station, they 


offer some advantages. The nitrogen and argon could be utilized as 
resources for the pressurization of the living quarters in the Mars 
station as a dilutant of oxygen--the “element of life," Thus, a two-gas 
atmosphere could be easily maintained for long periods of. time with. 
perhaps a total pressure of 400 mm Hg, including an oxygen partial- 
pressure of 150 mm Hg. In addition to the carbon dioxide exhaled 

. by the occupants, the carbon dioxide in the air outside the station 


would be available for an oxygen-producing photosynthetic system. 


Page 183 


The same would be trué concerning nitrogen, which is needed by green. 
plants. in such a system, for the buildup of protein. This. photosyntheti 
process requires light, as the name indicates. There should be no 
problem in this respect, since solar illuminance can reach about 
50,000 lux at noon in the equatorial regions; i.e., about half of the 
maximal value on Earth. And the heat influx from the sun, or solar 
constant, which is about 0.84 cal per om’, can produce temperatures 
as high as 25°C at noon which, after sunset, drops to -50°C and 
lower. These temperature values refer to the soil and not to the atmos- 
phere. Unprotected by a pressure suit~~-if this were possible~-a man 
standing on the ground would have warm feet but an icy cold nose. 

But the areonauts are. protected within their sealed Marsdome; working, 


resting, and sleeping in a cycle synchronized with the outside day- 


tearing rine ome: a 


hight cycle, which is only 37 minutes longer than the terrestrial day-ni 


cycle. They will have to continue the type of exercise they had to 


perform during the long journey, to counteract thé pathophysiological 
effects or restricted mobility and weightlessness in the space ship. 

But deconditioning from zero g to the Martian 0.38 g should be easier tl 
reconditioning from zero g to the Earth 1 g. The lower hydrostatic 
pressure in the circulatory system on Mars may.result in a more evenly 
distributed blood pressure pattern during an upright position. The brain 
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might benefit from this. The sensomoioric control of the body balance 
during walking, would pose no difficulties at a surface gravity more 
than twice as high as ii the Moon, where this might require some cautioi 
or even some supporting device. The Martian gravity--60% lower than 
the Earth's gravity--would be especiaily advantageous in extra-stational 
activities. A man with a mass of 70 kilogram would weigh only about 
30 kilopond. This also would make it easier for him to propel himself 
around during such extra~stational excursions by means of a rocket 
device. 

The physical appearance of the sky through the windows of the 
Mars station or the visor of the extra~stational suit, should not be too 
different from that on Earth. The color of the sky of Mars is probably 


dark blue, due to less scattering of light in its thinner atmosphere, with 


a whitish-blue tinge in the regions of the white clouds, which are 
comparable to our cirrus clouds. During the night there are: probably 

no more stars visible than on Earth despite the thinner atmosphere. The 
reason is that some light will be reflected by the surfaces of the windows 
or visors. The size of the sun appears to be about two-thirds of the 
diameter as seen from Earth. Looking directly into the sun is not advis~ 
able since its:retina-burning power reaches much farther than. Mars-- 


possibly as far as Saturn. 
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So much for the environmental medical aspect of Mars or Martian 
inedicine. Its purpose is to preserve the health of the areonauts and. 
keep them in the best physical condition to perform their mission, which 
ig the exploration of Mars, its surface features, and especially the 
problems of native life there. 

So let's briefly take a look at the Martian surface and sub- 
surface mysteries—~the solution of which has a bearing upon the med- 
ical aspect and life~support systems. 

What are the physical and wisoinen cee paeicd of the Martian 
surface? First of all, if we ignore the ice or hoarfrost-covered polar 
regions, identified as HAO by G, Kuiper, there are no open bodies of 
water, i.e., no hydrosphere in contrast to the Earth~~7i% of whose 


total surface area is covered with water. The Martian surface, there~ 


mms masse cna trenchant maaaaranannaneinineths 


fore, must be classified as lithospheric. 


The lithosphere on Mars represents an area of 14.5 million km : 
Thr ee-fifths of this area is reddish in color; two-fifths is dark bluish~ 
green, and called “maria," or seas, The relief is rather smooth, with 
some mountains. not higher than 2,000 meters (in the polar regions) and 
with some lowlands, approximately 1,000 meters below the general 
ground level. The reddish area is considered io be a huge monotonous 
desert, covered with minerals such as limonite--a hydrated iron oxide, 
and felsite--an aluminum and potassium silicate. The dark areas, 
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however, have always attracted special attention. Their seasonal color 
changes., similar to those observed in terrestrial vegetation, and picture 
in a most impressive way in the “Photographic Story of Mars," by E. C. 
Slipher, have led to the belief that there is plantlife on Mars--a matter 
of extreme philosophical and biological interest. 

With this we arrive at the last component which we have to dis- 
cuss in the ecological Martian profile: the possibility of a biosphere. 
(This term, coinéd by Charles de Lamarck and popularized by W. j. 
Vernadsky in the thirties, is used for those portions of an environment 
which are populated by living organisms--essentially the regions of 
contact or interphases between the atmosphere, lithosphere, and hydro- 
sphere.) 


There are pros and cons concerning the Martian vegetation theory, 


but I can only summarize them here: The proponents base their opinions 
on the seasonal color changes from gray to gréen, to yellow, and back 
to gray; On spectroscopic detection of sbserstiion bands in the infra red,. 
which indicates the presence of organic molecules; on the more moderate 
temperature conditions of the so-called microclimate; i.e., in caves, 
pores of the soil; on the strong adaptive power of life to extremé con- 
ditions; and on the fact that numerous terrestrial organisms can live 

and survive under simulated Martian conditions. 


The. opponents explain the dark areas as products of volcanic » 
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activity. The color changes are interpreted as being caused by reactio: 
of some inorganic material to variations of humidity or fluctuations 

in radiation. The blue-green color is considered a visual contrast 
phenomenon against the reddish surroundings. To some observers they 
always appear to be dark gray. Regarding the latter point it must be sa 
that a. prerequisite for the reliability of any astronomical color obseivat 
is a medically tested normal color vision of the observer. We must 
remember that 7% of the male population are color defective. The truth 
in this physiological color dispute may lie somewhere in between. Visi 
contrast effects probably occur, especially if the areas are small, but 
the blue-green coloration of the large areas such as the Syrtis Major 
is in all probability, real. This is also supported by the observation o; 
C. Tombaugh, discoverer of the planet Pluto, and pioneer explorer of V. 


who recently reported that certain areas occasionally look dark when 


others look green, despite the fact that both are surrounded by reddish 
areas. 

But green or not green, it is not decisive for life "to be or not to 
on Mars. Most of the scientists accept the possibility or even the 
probability of the existence of very hardy organisms, which can adapt 
themselves to the extreme temperature variations. As an-additional 
critical ecological factor, the low humidity in the Martian atmosphere, 
which is estimated to be 1% of the terrestrial atmospheric humidity, is 
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always emphasizéd. But there is an hypothesis in this respect, which 
should not be overlooked. 

Mars is generally considered to be a "dried~out" planet. It has 
lost its ancient oceans. This is the textbook theory today. But around 
1910 suggestions were made.that these oceans are now frozen and 
covered with dust (A. Baumann, Switzerland). And in Dr, Urey's book, 
“The Planets," (1952), H. E. Suess, then at the University of Chicago 
is quoted-as stating "that substantial quantities of water may be buriec 
under dust and never become volatile at the low temperature of parts of 
the planet." This frozen-ocean theory has. been revived recently by 
V. D. Davydov (Moscow) and developed in more detail. He theorizes t 
there. might be a subsurface ice layer 500 meters thick in the equatorial 


regions. Beneath this ice layer water might be found in the liquid stat« 


ue to an increase of temperajure in the interior 0. ars. when crc 


in the ice layer occur, caused by Marsquakes, water may reach the 
surface and produce localized giant clouds and white streaks of fog, 
lasting several days; as have been described by such pioneers as 

P, Lowell andE. G. Slipher. White spots glittering like ice have beer 
observed in the equatorial regions by the Japenese astronomer Saheki. 
In addition to tectonic quakes, impacts by meteorites or even asteroids 
could be considered as possible causes of craters and cracks in the 
soil~covered frozen hydrosphere. 
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I tried to simulate this hypethetic three-layered Martian crust on 
miniature scale, and also to simulaté meéteoritic impacts, by means of 
bullets. In this way, one obtains craters with a whitish floor and 
surrounding cracks. Now meteor craters on Earth, such as that in 
Arizona, are round without.radiating cracks. This is understandable 
because of the homogenity of the Earth's crust. But if there had been 
a layer of ice some 100 meters below the Earth's surface, the. picture o 
the crater might look different. 

In this connection we should also consider a hypothesis propose 
by P. A. M. Dirac, England, according to which the gravitational cons: 
has decreased during the past billion of years, and continues to decrea 
First generally not accepted, in recent: years this process has béen 
suggested to be responsible for a slight expansion of the Earth, leadinc 

Oo fissures and iaults. it is held responsible for the split of this Sone 
tinent from the European continent, etc. Effective on Mars, it could h 
been responsible for a broadening of old Figguses , and it could have 
inducéd a pre~disposition of the Martian crust to react to meteoritic 
impacts with cracks of tremendous. dimensions. 

If we accept the subsurface frozen ocean theory with a water tabl 
below, meteoritic impact craters and fissures, and the emergence of so 
water to the surface around and along them, vegetation would grow in tt 
regions more profusely. Actually, it may be the vegetation which make: 
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oases and fissures visible. Furthermore, the assumption of meteoritic 
impacts upon such a Mars crust would also better explain the appear- 
ance of new dark green areas in hitherto reddish areas, such as.one 
described by E.G. Slipher. in brief, the combination of the various 
theories, or better, hypotheses, just enumerated, including common 
horse sense, gives us a reasonable explantion of everything that the 
earthbound telescope reveals to the observer's eye; concerning the 
Martian surface features. I hope the pictures taken by Mariner IV with 
the next few days will give the explanation some concreté substance-~ 
" especially if they would show some white spots or whitish color on the 
bottom of the craters or cracks. This would have some significance. 
Tf the existence of a subsurface ice layer by Mars probes would be con 


firmed this time, or by future probes, this would represent a "gold mine 


arnaresestniraryne mini nanentsnarma nnn 


so to speak, logistically, from the point of view of space medicine, fo, 
a Martian expedition. Water could be made available and oxygen coulc 
be obtained from the water by physiqo- ¢hemical processing, and thus 
a critical problem of extraterrestrial resources would no longer exist. 
And if there is a water layer below the ice layer, then there could be, 
in addition to the surface biosphere, a subsurface habitat for life. 

Tt would not be difficult to imagine what kind of microorganisms 
could exist in such an aphotic, hyperbaric deep-sea environment. Lifé 
there could be based on chemosynthesis in contrast to that on the 
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Martian ‘surface, which might be based-on some kind of photosynthesis. 
Tt is conceivable that the paleobiosphere of the primordial Martian 
ocean has been preserved in this subsurface water table. And it might 
not be a too farfetched speculation that if life in the ancient and now 
partially frozen ocean has become extinct, there still might be remnéanis 
of it in the form of petroleum pockets. 

With this excursion into the Martian paleontology, I would like 
to conclude my thoughts, which have followed the line of realistic 
geoecological thinking, but are heretical in their assumptions of astro— 
nomical background. The supposition of life on the surface of Mars is 
supported by some visual and spectrographic evidence, The assumptior. 
of an underground water table as a second habitat for life must be 
considered a hypothesis with no evidence, at present, But the combina 


tion of several hypotheses--irozen ocean, temperature gradient within 


the Martian crust, impact by meteorites, Dirac hypothesis, necessity o 
watery environment for the origin of life--makes it a possibility ‘hae 
cannot be ignored. 

Mars, with its various visible strange surface features, has alwa 
been considered a puzzle to its observers, and there may be many. 
mysteries lying below its surface. To help solve them is the post-lunar 
mission of astronautics.. This may be done by means of fly~by probes, 
and manned and unmanned landings. In manned Mars expeditions, spac 
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medicine, of course, plays a decisive role. 

As a guide for such expeditions we now need a bioastronautical 
data table based on an ecophysiological evaluation of ihe astronomical 
Gata tablés found in the textbooks of astronomy (Table Ii). This table, 
of course, is based on the knowledge gained in earthbound astronomy, 
but it might be that the results obtained in rocket astronomy will 
necessitate some changes and additional information, especially with 


regard to the magnetosphere and the atmosphere. 
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TABLE I 


ORBITAL CHARACTERISTICS OF 
ARTIFICIAL MARS. SATELLITES 


(QO. L. Ritter) 


. Altitude Period of Revolution Orbital Velocity 

Km hr min ‘ km/sec 
0 i 40 3.56 
100 Bt 45 3.51 
200 zi 49 3.46 
300 1 54 3.41 
400 1 58 3.36 
$00 2 01 3.32 
600 2 08 3.28 
1000 2 27 3.13: 
2 000 3 20 2.82 
4 000 5 22 2.41 


somrmsstenrneriie ew LE. DPR ODO S.rnenannenn nemnreers mee Leanne ees amenrmremerecencers merrrvomreeeren dot nr 
8 000 16 TS 1.94 


10 000 13 03 1.79 
15 000 21, ol 1.53 
20 100 Deimos 30 18. 1.35 
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BIOASTRONAUTICAL DATA TABLE OF MARS 


Aimosphéric pressure 
Anoxia 
Boiling of body fluids (37°C) 
Carbon dioxide pressure 
Water vapor (max) 
Mean solar constant 
Albedo 
Surface temperature 

Noon (max) 

Midnight (min) 


Mean solar illuminance 
(extra-atmospheric) 


65 mm. Hy 
at. zero altitude 


at 5 km altitude 


0.16 mm. Hg 


0.7mm. Hg 

0.84 cal om”? min” 
0.15 

425°C 

=70°C 


60,000 lux 


Day-night cycle 


Mars year 


Gravity 
Gravisphere (radius) 
Circular orbital velocity 


Velocity of escape 


mate are innervate mata cne anne mane nae ee oor ener numenecanareeTmanianethanmnsranatecenomsntisnimtisteaieet 


24 hrs 37 min 


669 Martin days = 
687 terrestrial days 


0.38 9 
1/2 million km 
3.5 km/sec 


5 km/sec 
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CHAPTER 


BARS 

As olen in the préseeding chepters Mare seems to be the most qualified 
of all the planets, with the exception of Earth, for being an abode af life 
as we Knew 4%, Bagause of this, we shell study Mars more in detatl. fren 
the standpoint of mammed Plight this is of special interest, and wweful 
uhen meking some comparisons with the upper regions of the terrestrial atnos~ 
phere. In fact, 4+ is through such comparisons thet wo better understand 
the Plight physiological qualities of the upper atmosphere on Herth, and the 
ecological qualities of the atmosphere on Mars at its surface level. 

The baronetrig pressure on the surface of Mars is about 70 mm Hg, This 
pressure corresponds to an altitude of 55,000 feat or 16 Ion. on carthe This 
altitudes is, so«to-speak, the Mars level in our atmosphere, Flying above 
this level is comparable to flying under Mere equivelent conditions. During 

Bas ial ry » BG on up 3 
fast, various kinds of bacteria wore found in these layers, Later these 
erganisas grew when placed in culturess they had survived at those tremendous 
heights, The oxygen pressure in these Mare~like senes of our atmosphers is 
some 10 mm Hg higher then that on Mara. Tho carbon diexide pressure is lower, 
The teuperature in our stratosphere is constebty around «55°C, On Mars, 
during the night, it drops even lower to ~70%C. During the day, hovevers it 
may rise to 60° 0 in sumer, Sume summaruns Orgeniams which can survive 
the severe climatic eonditions existing above the 55,000 fect level of the 
terrestziel atwoaphers, com survive on Mare tees Hut during the day Hare 
shows e friendider face begause it may permit astive life, ef the tyre we 
know in the Lower stages of green vegetations 
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Gramm areas, euvering shout enewthird of the surface appear dering the 
Martian springy they change into yellow in sumer and browh iu Fall. AM 
present we con conslude this subject matter with the following Statements 
‘the Martian climatic conditions make life, ae we know it, indeed a posse 
pilityes The views cheervatdens of the greaon sxses, reinforced by apectroe 
sepia studies, meke it seem even a probability. 

Wa oust, however, not only conedder the envirormental. conditions alone, 
we must aleg take inte account the resections of Living organians o# response 
to their enviromont. This branch of ecology is cnlled physinlogical 
ecology in contrast te physical scalegy. These responses gencrally serve as 
protective measures and algo to faaiiitate the existence in an extrone 
Giinste, They are called clinatic adaptations. 

Exewples of this phenomenon are found in all realms of the Living worlds 


evaporation of watery eryutal formation on the surface of leaves for protection 
against teo intensive light by reflecting ity Development. of internal atr 


Spaces in leaves of plante te store oxygen, photosynthetically produced. 
Storage of carbon dioxide in the tiasus fluids ae 14 ts found in certain 
desert plants, These ate only a few axamples, If the hypothetical Martian 
Planted heave developed similiar adaptative mechanieus, the physlelogical 
objections against the martian vegetation theory would lose weights 

G2 greatest tmp@rtanece for our discussion is the tolerates and adapi~ 
ability of organinas to temperature. Haystack becteria sti22 grow at 66° 
and ean gurvive temperaturer up te 120°C, Other bagteria, lichens and 
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mecéee, ore able to withetand teapeystures dom to the neigtbarhood af 
absdhute gerd, whan thay ere emerged for weeks in liquid oxygen or Liquid 
nitrogen. But we Zind in tres nature similer impressive examples. In 
Alsaka in the vicinity of Point Barrow, 20 £6 30 inches deep in the snow 
coversd soll, temperatures have been measured dow to ~20 and -30°C, which 
lasted for months (Schelendery at al), Larve of insects in these depths 
ware Zound frosen brittle like glass. fut when the winter snow melts 
aay, these larme come to life agein and soon ell kinds of insects and 
other Lower animals « which were for a number of months in » deap frozen 
environment.+ populate the eres. This yearly revival, from a completely 
suspended animation caused by cold, to a flourishing ifs, is perhaps one 
of the greatest bidlogical miracles om earth. In Alashn this intermission 
and revival of Life goss on during the seasons, over a perlod of a yeare 
On Mave it might be compressed into the time pattern of a day and nights 
Resently, 1% was found that evan such highly organised creatures as 
aparmatos of roosters can tolerate deep temperatures down to ~70°C when 
@lycerel. da added te the solutions If Mertien plants would have developed 
ginilar antinfreene mestures, thay could eesily withstand the cold nigiite 
om that. plenat even if they were of the kind of lever plants as we know 
them on earth, I4 is perhaps no incident that certain lichens contain 
exyhtrol, which belongs to tha seme aleoholgroup es glycerale 
Swmarising we wy state - frou a biolegieel point af view ~ that the 
glimstis comiitions on Mars are indeed extremsly severe, but on earth 420 
in certain places we observe extremes in certain scdlogies] conditions 
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that ere not very different fre these on Mersy and yet, plants have 
developed adaptive wechaniens which ensble them te successfully withstand 
these conditions. The Martian vegetation hypothesis may net actually be e 
hypothesis. Sut astronomy will heve the first and last word on this 
aiautlon «Bes eventually a spece traveller to Hers. 

th conehusion, J would like to agein exphasize that the diseuselen on 
the possibility of Life on other planets in this and the foregoing chapter 
ig bared on terrestrial biology. One mst nob, however, dogmtiealjy pre 
@hude the possibility of other ferns and prosesses of Mfe and other kinda 
af adaptations completely unknam to uss 

But, as the astrophymicist torches us, the precesses in the dnargamic 
word follow as far aa the telossope can reach, the sexe lave end rules as 
on Earth « in the free natire or in the laboratory insofar ae they can be 


simdleted. And 44 would som strange 2f this would be any different in the 


piologiee]. necter of the casos, 
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TABLE IT 
COMFONENTS OF THE PLANEEARY ATMOSPHERES 


(iti) (0) 
Hp Ho GH, (ill) (40) 


oe taceaing to, one he huper (22) and Urey (28) 
() Probably present in a troven te onl ys 
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Ferma: Hormel oxygen concerterntion as foun at ox near sea L om earth, ; 
Prom o iickgios! point af view the exygen cemiitien on earth s token as the normal standard conditions 
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; The Mein Components of Plenctary Atmose 
fe Se 


SPACE MEDICAL PROBLEMS EN ROUTE TO MARS* 
by 
Hubertus Strughold, MD, PhD 
Professor of Space Medicine, Chief Scientist 


Aerospace Medical Division, AFSC 
Brooks Air Force Base, Texas 


Introduction. The fast development in astronautics has 
progressed to the point of programming a manned landing mission 
to Mars as the first postlunar planetary target. This cosmic 
venture involves a broad spectrum of medical problems, covering 
the entire mission, such as selection and preparation of the 
astronauts, or better areonauts, preflight preventive clinical 
measures, the interplanetary flight, the ecophysiological evaluation 
of-the environment on. the planet itself, the human physiological 
requirements within the Martian station and during extra-stational 
excursions, safe return to Earth, and evaluation of medical 
experiences for future planning, The emphasis in Martian 


environmental medicine is actually concentrated upon the 


conditions encountered on Mars itself. But the interplanetary 


*Presented at the 15th Annual International Missile and Space Flight 
Symposium of the Hermann Oberth Gesellschaft, Bremen, Germany, 
22-25 September 1966. 
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Space Medical Problems En Route to Mars 2 
H. Strughold 


space flight requires just as much, if not more, medical attention, 
In this paper an attempt will be made to identify the medical 
problems associated with the flight route. from Earth to Mars. 

But we shali not elaborate on the size, configuration, 
structure and life support system of the space ship, because 
concepts, material, and equipment of today may be replaced by 
more advanced ones in ten years. Instead, we shall concentrate 
on possible hazards from the open, interplanetary space 
environment and on the duration of the journey with its medical 
implications. 

I. The Space Environment from Earth to Mars, 

The physical environment encountered on any 
interplanetary flight is by no means uniform--rather, it is 
distinguished by topographical variations and temporal fluctuations 
with regard to the distribution of matter and energy. We may call 
this scientific. field which explores and charts these environmental 
differencés in space: Spatiography (an analogy to planetography, 
geography, areography, etc.). 


Extreme deviations from the normal space environment 


along :thé travel route can pose hazards. The environmental 
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factors we have to consider in this respect are: Meteoritic 
matter, energetic particle rays, and solar electromagnetic 
radiation. In the background, as effective forces behind the 
topographical distribution of the first two are the gravitational 
and magnetic fields, respectively. 

The predominant fields of gravitation are the logical 
ones for a topographical subdivision of the vast plasma ocean of 
space. Up to 1.5 million km from the Earth's center the Mars 
ship is. still in the region of the predominant gravitational 
attraction or gravisphere of the Earth. After crossing this line, 


which requires escape velocity, it loses its attachment with the 


Earth's. gravity and now moves within the gravitational domain 

of the Sun, until it trespasses the border of the Martian gravisphere 
at 0.5 million km from Mars. So much about gravitational 
spatiography in the Earth to Mars area. 

The gravitational field forces strongly influence the 
velocity. and direction of particulate matter such as dust and 
meteoritic: material. 

a. Meteoritic hazards. Two kinds of meteoritic 


hazards must be considered: Erosion and puncture of the ship's 
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wall. The first, caused by micrometeoroids, might affect the 
windows and communication equipment, Prevention of this is 

an 6ngineering problem. Of medical concern are macrometeoroids 
with puncture capabilities, a possible cause of a leak of the 
cabin. At the Earth's solar orbital distance, the picture of 
meteoritic hazards in circumterrestrial space looks brighter today 
than had been expected fifteen years ago, as a result of recordings 
of satellites such as "Pegasus." 

Most of the meteoroids in the neighborhood of the Earth 
are of cometary origin. According to Fr. Whipple, they are soft 
“fluffy stuff," an"ice-dust conglomerate" and neither as frequent 
nor as violent as had been feared at the beginning of the space age. 
During the total manned space flight time, now amounting to 
thousands of hours, no meteoritic incident has occurred; further~ 
more, extravehicular activities (E.V.A.) have not met any 
interference even with micrometeoroids. Moreover, four manned 
space venicles have been in orbit during the time when the Earth 
passes yearly through a meteor stream, which is the orbit of a 
disintegrated comet. (Vostok IV - 1964 - Perseid meteor stream - 


12th August; Gemini 7 - 1965 - Gemenid meteor stream - 13th 
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December; and Gemini 7 and Gemini 8 ~ Ursid meteor stream - 
2ist December). But stream meteoroids are also occasionally 
concentrated in the form of a meteor swarm. When the Earth 
passes through such a swarm--which is a rare event--we see 

the spectacle of a meteor shower such as in 1933 and 1946. All 
in all, the situation concerning hazards from cometary meteoroids 
is not alarming at the Earth's solar distance, With increasing 
solar distance the situation should become even more favorable 
because the distribution of these meteoroids becomes less dense 
and their velocity lower, 


In contrast, the number of meteoroids of asteroidal 


origin might become greater the closer we come to Mars, because 
of the neighborhood of the belt of asteroids. it has been theorized 
that some 300 million years ago a planet X, between Mars and 
Jupiter, disintegrated into many thousands of asteroids forming 

the asteroid belt. It.is reasonable to assume that this catastrophic 
event, or a collision of two smaller planets, led alsotoa 
population explosion of smaller pieces of matter; macro- or micro- 


meteoroids, The-iron and stony-iron meteorités found on Earth 


are of asteroidal origin. Being of such hard material their 
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puncture potential must be taken seriously into account. Two 
characteristics, however, might moderate the puncture potential 
of these real “bullets from space" ; first, their velocity close 

tO Mars is lower than at the Earth's solar distance and, second, 
they might orbit within the ecliptic plane essentially in the same 
counterclockwise direction.as the planets, so that on the way, 
close to Mars, the danger for the space ship comes from one side 
and on the return from the other side. Head-on collisions might 
be rare. Be that as it may, a space ship with destination Mars 
must be provided with a secondary wali, called meteor bumper, 


including self-sealing devices. Finally, the hard, very fast, 


meteoroids of galactic origin can be ignored because of their 
relatively rare occurrence. 

b. Particle radiation. The radiation dose absorbed 
in manned orbital flights in circumterrestrial space between 50 
degrees North and South latitudes has been less than 1 millirad 
per hour, or about iS millirad per day. (The medically permissible 
maximal dose is of 150 to 200 rad). Thus, in low orbits, with 
doses of a little less than 1 miilirad per hour, we can look upon 


the radiation problem with no particular concern. This is different - 
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in high orbits; i.e., above 800 km, within the van Allen radiation 
belts, where we must reckon with up to 5 rad per hour in the inner 
belt around 3,000 km, and in the outer belt around 18,000 km, 
with 10 millirad per hour. These belts, therefore, are "off limits" 
for space flights of the orbital type. In deep space beyond the 
magnetosphere, the dose rate received by the eusipaea ofa 
space ship might be in the order of 1 rad per month. Such is the 
particle radiation climate for astronauts, if the absorbing power 
of the cabin’s wall is equivalent to a thickness of 1 cm of steel. 
There are other estimations with a trend to a more optimistic’ or 
af: bet hi i i 
be reduced by heavier shielding. 

Ji, for the flight to Mars, a circumterresirial orbit 
should be chosen as the departure base for the escape operation 
from the Earth's gravitational field, the area below the inner 
van Allen belt, due to its low radiation intensity, would be 
medically the logical one. The penetration of the van Alien belt, 
lasting several hours, would lead to an absorption of around 10 
to 15 rad~-medically acceptable. And, as already mentioned, in 


interplaneéiary space the dose rate would be about 1 rad per month. 


Page 210 


Space Medical Problems En Route to Mars 8 
H. Strughold 


During a journey lasting 8 months, the total dose rate would not 
exceed much more than 20 rad. A round trip to Mars, then, 
would result in about 40 rad. So much about the average 
particle radiation dose we have to reckon with en route to and 
back from Mars during the time of a quiet sun. 

Concerning a proton outburst after a solar flare, 
the areonauts, béing in communication with the earth-based 
solar flare prediction center, should have more than 40 hours 
“time reserve" to take protective measures. Fortunately, with 


increasing distance from the Sun jet streams of protons become 


less vicious, Areonauts, therefore, may feel increasingly safe 


me nares a nate noe EE RTE EN eter oo eNEneE OT EeeeEe oeLareeeoEENenaTeeuneecueeema neater aumeeunanrvnanetttitumtim Aner 


about radiation hazards the closer they come to Mars. In 
circummartian space there is no effective magnetosphere to trap 
particle rays and, therefore, there are no restrictions from a 
van Ailen-type radiation belt for the selection of the altitude for 
@ parking orbit. 


c. Solar electromagnetic radiation. Concerning 


solar electromagnetic radiation, Mars' orbit.is located in the cold 
border region of the Sun's ecosphere, Venus orbits in the hot 


border zone, and the Earth, so to speak, in the "golden" middle. 
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(The helio-ecosphere can be defined as that zone in the solar 
system in which the electromagnetic radiation intensity is 
favorable to manned space operations and to life on planets). 


Thermal irradiance. At the Earth's mean 


2 1 


orbital distance, solar irradiance amounts to 2 dal cm™* and min™ 


(terrestrial solar constant). Along the pathway to Mars it 


1 at its mean orbital distance 


decreases to 0.84 cal com7! min™ 
(See Table i), This is of interest in respect to regulating the 
thermal climate within the space ship but should cause no 
bioengineering problems. 

Solar illuminance at the Earth's mean. orbital 
distance amounts to 140,000 lux (lumen per square meter). On the 
way to Mars it drops gradually to 60,000 lux (Table I), We. may 
call this value Martian Illuminance Constant. If we allow 20% 
for loss of light due to reflection and scattering by the windows... 
of the space ship, then there is enough light energy left.for the 
bio-regenération of the ship's artificial atmosphere and waste 
products by means of photosynthesis. 

Looking back to the sun at the end of the Martian 


journey, its apparent size is smalier--aboui 3/4ths in diameter of 


| 
| 
i 
| 
i 
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that seen from Earth. But glancing directly into the sun for a 
number of seconds is not advisable because this might cause a 
retinal burn; it is not ultraviolet but heat radiation that causes 
such retinal injury, which is the same as eclipse blindness often 
occurring when people observe a solar eclipse through an 
insufficiently smoked glass. But even.a brief glance into the 
sun affects the dark adaptation of the eye. 

On Earth we are exposed to a cycle of light 
and darkness caused by the Earth's rotation, lasting 24 hours. 
In circumterresirial orbital flight, below the van Allen belt, this 


cycle is reduced to 90 to 120 minutes. On a irip to Mars there is 


no such cycle at all} there is instead, so to speak, day and night 
at the same time: the sun as the symbol of the day and the 
velvet black sky as the symbol of night. But the areonauts 
require an alternation of sleep and wakefulness, dictated by their 
"physiological clock," which is adapted to the Earth's day-night 
cycle. They must program their sleep~activity cycle in the 
terrestrial duration pattern called "circadian cycle," and in shifts 
within their team. It may be added that after arrival on Mars 


there should be no problem in this respect, since its rotational 
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period ts only 37 minutes longer than that of the Earth. 


Il, The Duration of the Flight. 


AS soon as the areonauts come. nearer than 300,000 
km to Mars they have a closer look at its surface with the unaided 
eye than earth-based observers with the best telescope. They 
are now actually already within the Martian gravitational 
"territory" which they : entered at a distance of 1/2 million km, 
leaving behind the vast interplanetary "ocean" of solar plasmatic 
wind. 

Grossing this ocean takes about 8 months if an 


“economic” - that is, a minimum energy ~ trajectory is chosen. 


et STE A NE TA ETE EO 
sesame te a se oS Aaa So SLATE TA cae TH rnaLSTeSnroT Enea sel oumeteranaseESNennssnamesciuremnEenannanitieitetAhiter ett 


This is the simplest. way for unmanned, automated planetary 
probes, such as the Surveyor, Mariner, Luna,. etc. 

Is such a duration also acceptable for a manned 
Mars mission? To get a realistic judgment about this question 
we must. consider the life of the mission crew, a team of perhaps 
six or more in its whole complexity. They live ina cramped, 
closed ecological world with its. own economy and autonomy. 
Their activities, in addition to the ship's power control, navigation, 


exploration of the cosmic sky, radio communication with the Mars 
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Mission Control. Center on Earth, include. control of the life 
support system and of contaminants, hygiene, and "household" 
duties, etc. Weightlessness complicates some of these 
activities, others are facilitated. 

The areonauis,. after several days of flight, should 
be in a state of "relatively stable adaptation to weightlessness," 
as can be concluded from the experiences in orbital flight. The 
Gemini record flights indicate that under comfortable intracabin 
conditions, and applying an appropriate exercise and sleep 


regime, it is probable that man can endure space flight in the 


order of months. Artificial gravity seems not to be required, 


Nevertheless, it is medically advisable, if not even a requirement, 
to base a flight plan to Mars on a high energy trajectory to shorten 
the duration of the minimum energy trajectory of about 8 months to 
30% to 20% of this time, which can be achieved by novel methods 
of propulsion. 
In addition to the man-machine~cabin environment 

complex, the external space-environmental conditions miist also 
be taken into account. A shorter time reduces the possibility of 


meteoritic incidents and the radiation hazards of an ericounter 
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with solar flares. 


In brief, a minimum in time and an Optimum in 


comfort is the medical prescription in order to achieve a maximum 


of success of the planetary landing mission. It should be added 


that, particularly with regard to the psychologic and physiologic 
aspects, the astronauts with week-long experiences in circum~ 
terrestrial orbital flight and the physicians who have controlled 
these flights must have a decisive voice. The studies of 
hémaiological changes, vascular tone, mineral metabolism of 


the muscles and bones, and the countermeasures, carried out’ up to 


tolerance of long duration flights. With cautious extrapolation 


of what has been learned so far, the medical answer concerning 


the prospects of a flight to Mars is a bositive and optimistic one, 


if time reduction of the trajectory is employed. 
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TABLE I 


SOLAR ELECTROMAGNETIC RADIATION FROM 
EARTH TO MARS * 


i 

Earth Mars 
Mean Solar | 6 
Distance 149 160 180 200 220 228 x10 km 
Thermal ns 
Trradiance | 2 1.75 1.38 1.12 0.92] 0.86 cal cm 
Illuminance 140 122 96.6 78.2 64.6 | 60.3x 10° lu 
Thtensity tye 
Factor 1 0.87 0.69 0.56 0.46] 0.43 
se fi 


Ref; Solar Irradiance: from Mercury 


O.L.Ritter, Aerospace Medici: 
31, 127, 1960 


Page 217 


O45 
A HIDDEN LIFE-ZONE ON MARS? 


By 
Hubertus Strughold, M.D., Ph.D. 


In the search for evidence of life on other planets, Mars appears 


s biology, according to 


«) 
The pertinent 


to offer the best promise of finding an indigenou 


our presant knowledge of its ecological conditions. 


hypotheses have concentrated on the dark, blue-green areas, which, 


comprise about 25% of the Martian surface, and occur essentially in the 


a most comprehensively 


{2) 


equatorial regions. They have been describe: 


in the "Photographic Story of Mars, “by E, G. Slipher (1062). 


Because these areas known as "maria" or "seas", show marked 


seasonal variations in color, many Jnavestigators have concluded that 


they are covered with vegetation. There are pros and cons concerning 


etation theory. One of the objections is founded on the 


the Martian veg! 


question whether Mars pro’ 


P. Lowell established 
(3) 


the prevailing picture of Mars as a nearly desiccated planet. Mars 


tribution to support a well-developed plant.cover. 


apparently had seas in the past; but due to the low gravitational force 


{0.48 g) most of the water was lost into space. Only a small amount 


of water vapor remained; estimated at one percent of the water vapor 


in the Earth's atmosphere. Some of this water vapor condenses, 


periodically, around the poles, forming thin deposits of ice or hoarfrost, 
(4) 


identified by G. Kuiper as H O. 
2 
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The near dark gray markings~the famous "canali" of 
Schiaparelli (1877) --were interpreted by P. Lowell as artificial water 
ways, built by intelligent beings at some time in the past, to irrigate 
their drying planet. This opinion is no longer held. In summary, the 
accepted view continues to be that Mars is extremely arid; it has lost 
its ancient oceans, but has retained just enough water to support 
very hardy and primitive plants, in certain surface regions. However, 
there is a different hypothesis which suggests an alternative model of 
the hydrographic situation on Mars, which, if true, might change the 
picture of the distribution of life on the next planet. 

Moré than half a century ago A. Bauman a eae the hypothesis 
that the primordial oceans on Mars had been frozen and covered by an 
accumulation of dust. The canali were attributed to wide cracks 

reference cited by H. Urey in his book, "The Planets", Suess, too, 
has suggested that “substantial quantities of water may be buried 
under dust and never become volatile at the low temperature of parts 
of the planet." 
(6) 
Recently, V. D. Davydov has developed the ice mantle theory 
in greater detail. He assumes that the planetary materials from which 


Mars evolved included water in approximately the same proportions to 
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the total mass as did those from which the Earth was formed, However, 
because’ of the greater distance of Mars from the Sun, most of this 
water is now frozen and is covered with dust as the result of frequent 
dust storms that sweep across the planet. The polar ice caps are con- 
sidered by Davydov, to be bare areas of the ice layer. He further 
theorizes that the temperature increase in the interior of Mars follows 
nearly the same pattern as the temperature rise within the Earth"s 
crust where the temperature increases approximately 3° per 100 
meters of depth, If this is the case on Mars, where the mean annual 
temperature is -15°C in the equatorial regions, the temperature within 
the crust would rise above the melting point of ice at a depth of 500 
meters below the surface. In the polar regions where the mean annual 


surface temperature is much lower, the melting point would be reached 


correct, there should be a reservéir of quid water below the subsurface 


layer of ice on Mars. 

Then assuming that fissures appear in the ice from time to time: 
some water could emerge t@ the surface and form streaks of fog. 
This would explain the appearance of mysterious white strips which 
extend from 100°to 1,000 km, observed by V. P. Barabashow in 1924, 


but not explained by him. Vegetation would grow more profusely in 
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the vicinity of these strips because of the greater abundance of 
moisture along them. In the opinion of Davydov, like that of 
Baumann, this is the background phenomenon accounting for 
Schiaparelli“s canali. 

The supposition of this frozen ocean theory would also make it 
easier to explain another visual phenomenon: the appearance of 
bright white spots far removed from the polar regions, Such 
phenomena were first reported by Schiaparelli in 1877, and P. Lowell 
devoted an entire chapter, entitled "White Spots", to this phenomena 
in his book, “Mars and its Canalis", which may be summarized by 
the following excerpts: 


"In addition to the polar caps proper...other white spots may 


from time to time be seen upon the disk.... They sparkle on occasion 


Fackoned 
by weeks and even months.... All of the above instances of extra-polar 
white have been located within the tropics. Examples of the same thing, 
however, ocour in the north temperature zone." Of one such spot in 
latitute $0° North, Lowell wrote: “This spot, too on occasion glitters, 
as lt were, with ice". He interpreted these occurrences as hoarfrost, 
resulting from local drops in temperature. E. GC. Slipher later de- 
scribed in a special paper entitled, "Great White Spot in the Martian 
Tropics" (july 9, 1922), He wrote that the spot was "800 miles long 


and 400 miles wide, slightly less bright than the south polar cap 
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but more brilliant than the north cap, and in tint slightly more 
yellowish than the south cap”. He called this spot, which 
disappeared after several days, "an outstanding feature: in the 
recorded history of Mars, "and conchided that" it is of most pertinent 
significance regarding conditions of the planet". Also of interest 
in this respect is the cbservation by members of the Oriental 
Astronomical Association in Japan, of strange bright flares from the 
surface of Mars, followed by cloud formation, which can be interpret~ 
ed as solar light reflected from isolated beds of ice as the result of 
meteoritic impacts. (Saheki, 1955) (+--+). 

These puzzling phenomena could be explained by cracks in the 
ice layer, releasing water either to form gigantic clouds, or to deposit 


hoarfrost on the ground. One cause of such cracks could be volcanic 


impacts by large meteorites, approaching asteroldal-dimensions. The 


proximity of Mars to the asterdid belt has led C. Tombaugh to propose 

the likel4hood of such collisions (--). In this connection, I have 

tested the effects of similar impacts on ice beneath a covering of 

soil by means of a simple experiment. Small models of the Martian 

orust were made by sandwiching a layer of ice between layers of i 


frozen dirt, and were subjected to impacts from bullets. The impacts 
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produced miniature craters with white floors resembling the spots 
described in the astronomical Hterature. 

Still another possibility may be mentiored. According to P.A.M. Dirac, 
the gravitational constant has decreased during the ilfe of the Solar System 
and continues to decrease (--}, The apparent expansion of the Earth, 
causing cracks in the mantle some 10 to 15 km below the surface, has 
been ascribed to this cause by P. Jordan {-~}. Hp is conceivable that 
the same process, causing the total volume of the planet to expand, 


might have produced fissures under the surface of Mars. 


Page 223 


produced miniature craters with white floors resembling the spots 
described in the astronomical literature. 

Still another possibility may be mentioned. According to P.A.M. 
Dirac, the gravitational constant has decreased during the life of the 
Solar System and continues to decrease {--}. The apparent expansion 
of the Earth, causing cracks in the mantle some 10 to 15 km below the 
surface on land and at the bottom of the oceans, has been ascribed 
to this cause by P. Jordan {-~-), It is conceivable that the same 
process, causing the total volume of the planet to expand, might have 
produced fissures in and under the surface of Mars. 


A sub-surface biosphere? 


If liquid water 1s found in substantial quantities below the surface 


of Mars, underneath a stratum of ice at depths of 0.5 km or more, it 


be expected in such a setting? We. can lise speculations in this 
respect on well known principles of terrestrial ecological biology: 
the principle of limiting factors (minimum and maximum) » without 
resorting to fantasy. In doing so. we can draw the following picture 
of the biotie potentialities in this hypothetical underground ‘water 
layer. 

Beginning with pressure as an ecological factor, marine organisms 


capable of withstanding very Great pressures have been found. in the 
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Earth's oceans. Varlous types of baryphilic (pressure~tolerant} bacteria 
have been recovered from sediments In the bottom of the Pacific, at 
depths exceeding 6,006 meters. {__.}) The hydrostatic pressure 
at this depth is isobaric with 600 atmospheres. Even at 10,000 
metérs (1,000 atm) deposits from the bottom contain bacteria. 
In the. Barth's oceans, pressure increaces by 1 atm with each 

10 meters of depth. On Mats, witha surface gravity of only 0.38 
g, the hydrostatic. pressure would increase by 1 atm every 26 meters. 
Hence, at a depth of 500 meters below the Martian tropics, whete 

it has been estimated that an ice table would melt, the pressure Be 
would be less than anywhere in the Barth's deep seas, which begin, 


at 200 meters of depth, according to the conventional definition. 


From this it follows that the pressure in the hypothetical deep water 


4 


the range of tolerance 


for terrestrial organisms. It may be added that numerous metazoa, an % 


such as starfish, sea cucumbers, bivalves, and others, have been 
found in the Earth's deep seas. 

With regard to temperature, active life is possible in terrestrial 
biology from several degrees below the freezing point of water to.a 
maximum of +80°G, At the bottom of the Earth's deep seas, the 


temperature is about 4+2.5°C. Tt can be estimated that the temperatures 
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in-a sub-surface sea on Mars would be approximately of the same 
order of magnittude; therefore, temperatures would present no 
obstacle to ife at either end of the scale. It would presumably 
vary with depth; but nowhere would it show the extreme day-night 
variation, from 425°C to ~50°G, and lower, which prevalis on the 
Martian surface. 


A subsurface water reservoir below several hundred meters of | 


ica, covered by a top layer of dust, would, of course, be permanently 
dark except, perhaps, where some light filters dewn through fissures. 
However, light is not a prerequisite for life. On Barth, numerous 
species live in aphotic environments; for instance, in the soil strata 
(soil bacteria), in caves, coal mines, petroleum deposits; and in 

the depths of the ocean below the photic zone, which ends at approx~ 


imately 500 meters below sea level. 


Page 226 


Page 227 


OT4 


PLANETARY ECOLOGY WITH EMPHASIS ON. MARS 
by 
Hubertus Strughold 

The tema Ecology, derives from the Greek ot noe OrK fee 
house or habitat, i.e. , the science of the habitability of an environment 
is more than one hundred years old. It was coined by Ernst Haeckel in 
1869 and since that time has played an important role in the scientific 
botanical, zoological, paleontological, anthropological and climatological 
literature. In a broader’ sense, ecology is the science of the mutual 
interrelations between environment and living organisms. In this respect 
it has become recently a common word in connection with air and water 
pollution. All this refers, of course, to the environment and life on 
our home planet, the Earth. With the development of telescopic astronomy, 
terrestrial ecology has been extended into a general planetary ecology 
manifested in speculations about extraterrestrial life. This tendency 
got a tremendous boost with the development of rocket astronomy inthis 


Pom 
Space age. Planetary/instrumented probes. have been sent té/Mars and 
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be the décade of planetary exploration on the spot which will provide 
us new environmental data for ecological evaluations. But at the present 
time only about Mars sufficient advanced knowledge is available for a 
reasonable ecological discussion. We shall, therefore, concentrate wan 
this iacturs upon the planet Mars. This is very timely since presently <nvey 
One dla. nan aobeeds cat fie soak apoyo Mewes dah Fok, PRA 
endure Russten venice 
iki Be 
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As-your remember , 6 years ago on July 14th, 1965, the red planet 


Mars came into the focus of general and scientific attention due to the 
first close-up pictures of its surface made from a distance of about 15,000 
km by the planetary probe Mariner IV during its 5-minute fly-by mission. 
And in July and August 1969, a asintiar qnission was performed by Mariner 
VI and VII (ata distance from 500 to 1000 km). Before these historic 
achievements Of the new and fast-developing space-bound rocket astronomy , 

our knowledge about the atmosphere and surface features on Mars had 

been gained by ground~based telescopic astronomy. And before the 

introduction of the telescope into astronomy by Galileo Galilei, 1610, 

this "wondering star” -~ because of its reddish color -- was looked 

upon as an.ominous sign throughout the Middle ages, dating back to 

the ancient astrology of the Romans and Greeks, who named it after 


their god Mars or Ares, the symbol of War. But Mars was also venerated 


Page 229 


as the patron god of agriculture. Strangély enough, this generally rot 
so well-known symbolic association with a peaceful occupation fore~ 
shadowed, so to speak, a modern aspect of Mars as a plantlife- 
harboring planet; suggested by telescopic observations of dark biutsh~ 
green areaiwhich cover about 30% of the otherwise ochre-reddish surface, 
Moreover, the famous report by Giovanni Schiaparelli, Milano, 1877, 

of his observations of canali on Mars. led Percival Lowell, Flagstaff, 
Arizona, 1906, to the assumption that there might be intelligent beings 
on that planet. This belief is no longer held, but the possibility of some 
plant life'‘on Mars has been the subject of many publications, with pro 
and contra arguments during the past decades. The search for life on 
Mars is called Mars Biology. It plays presently the dominant role in the 
more. general field of extraterrestrial life, variously termed Astrobiology, 
Cosmobiology, and Exobiology. 


Furthermore, with the fast development of astronatitics during the 


past two decades, Mars is considered the first and maybe the only post~ 
lunar planetary target fora manned landing mission, This is envisioned 

by Werhner Von Braun for-the year 1983"and strongly supported by Spiro 
Agnew. An evaluation of the environment on Mars from a human physiological 


or medical point of view, therefore, will become.an important task of what 
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we might call Martian Environmental Medicine, or briefly, Mars 
Medicine, which can be regarded together with terrestrial environmental 
medicine, space medicine, and lunar medicine, as a subdivision of an 
all-embracing Cosmic Medicine. 

It is atptiliege and pleasure for me.to take with you, in this lecture 
anew, closer and deeper look at Mars as’we see it in the perspective 
of recent observations by earth-based and space-bound astronomy, the 
results of which have opened new vistas, have confirmed older theories : 
and require a revision of others. 

But in 50 minutes, it is difficult to discuss both 6f the life science 
aspects of Mars. Lieve, therefore, Goosen td concentrate essentially. 
upon the general ecobjiological aspects of Mars with some remarks about 


the medical problems connected with a manned landing mission. 


With regard to the latter, I would like to mention here that the life- 


supporting and life-protecting systems in the Martian Laboratory will be 


Moon. The main difference lies in 


very similar to those required on t 


the flight duration to the Moon and Mars. As we have seen last-year, a 
flight to the Moon takes only about three days, but a flight to Mars based 
on an economic, i-e., minimum energy trajectory, lasts more than.eight 


months. This is medically not acceptable. It is medically advisable to 
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base a flight to Mars on a high energy trajectory to shorten the duration 

of the minimum énergy trajectory to 30 10-20% of its time, which Bie 
achieved by novel merBous of propulsion such as nuclear and ion propulsion. 
In.short, a minimum in time and an optimum in comfort isthe medical 
prescription in order to achieve a maximum of success of any manned 
planetary landing mission. 

There is also a difference in the goal between a Lunar and Martian 
expedition, The tasks on Moon astronauts or selenonauts are to explore 
the Moon and carry out additionally, unhindered by an atmosphere, 
astronomical studies of the whole solar planetary system. The exploratory 
efforts of future Mars astronauts or areonauts will be concentrated 
essentially on the exploration of the planet Mars itself, And, a prime 


goal of a manned Martian expedition will he the search for life or the 


The term "biosphere" is used for those regions on-earth in 
which organisms are found. It is also applied-to denote the whele 
living world as such. For the highest level of the terrestrial] 
biosphere, distinguished by intelligence and represented by homo 
sapiens terrestris, the term "noosphere" (from Greek: noos mind). 
has been suggested. 


The theories about a Martian biosphere are concentrated upon the 


dark areas called maria ( = seas), and dark spots called oases: they are 
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by and large localized in the same regions and: permanent, representing 
about 1/3 of the total planétary surface. Their gasuonat color change has 
been the reason for the belief that there might be plant life on Mars. 

“In the following I would like to give you first a survey of the older 
and recent {nterpetations of these dark surface features, and, thereafter, 
an ecological evaluation of the recent astronomical pndihes in terms of 
terrestrial biology, which is basically a carbon biology. 

Beginning with the interpretation of the face of Mars , the generally 
accepted opinion is that the reddish areas are highlands and the dark 
regions are lowlands, This seems to be confirmed by the radio occultation 
measurements of Mariner IV, according to which a certain reddish area 
named Electris is 5 km higher than a dark region called Mare Acidalium. 


The dark areas, according to most observers show seasonal color 


changes from dark to bluish-green, to-yeHow-gold., to brown, and back 
and this is what has put Mars into the focus of scientific and general 
attraction . 

, What has been and what is their interpretation now? First, there “ 


are some arguments about the bluish-green color. To some observers Z| 


they always appear dark gray. This can be accepted only if they have 
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a medically tested normal color vision. We must remember that 7%. of 


the male population is color defective. 

The bluish-green color is also considered to be a visual contrast 
Phenomenon against the ochre-reddish surroundings. Vistial contrast 
effects certainly occur, especially if the areas are small, but the blue~ 
green coloration of the large areas such as the Syrtis Major, which has 
the size and shape of Texas, in all probability is real. This is also 
supported by the observation of C. Tombaugh, discoverer of Pluto:, who 


noticed that certain areas occasionally look dark when others look green, 


despite the fact that both are surrounded .' ; 
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hy reddish areas, The final answer in this color dispute might 


way F fe 
bee ‘ 


come from color photderabns made by future ily-by-probes But 
green or not green, it is not decisive for life "to be or not to 
be" on Mars. 

Fifty years ago Sv. Arrhenius, in Stockholm, advanced 


the theory that the dark areas are salt beds of dried-out oceans 


which react to changes in atmospheric humidity, and concluded 
that "Mars is indubitably a dead world." But in the Dead Sea, 
which is an extraordinarily salty medium, numerous species of 
microorganisms (algae and bacteria, etc.) flourish there 
abundantly. The Dead Sea, therefore, is not so dead at all, 
as it was believed. And the Red Planet might not be so dead, 

pn a, 

The dark areas have also been explained as being deposits 

of volcanic ash blown over them by the prevailing winds, and 
the color changes have been attributed to reactions to seasonal 
variations in humidity, or radiation, This, of course, does not 
exclude the possibility of life, because terrestrial bacteria -- 
lichens and mosses -~ can grow on lava. Actually, bacteria 


can.grow on practically any material, even in oil wells and jet 


i 
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fuel containers, as indicated by the new bacteriological branch, 


petroleum bacteriology. 


} It has also been suggested that all color changes on Mars 
!can be’ explained by transformations of nitrogen. diokide to 
nitrogen tetroxide, and back, caused by solar irradiance 
fluctuations. These nitrogen oxides, assumeéd to be present in. 
the atmosphere and on the ground, are toxic’and might exclude 
life, But the concentration of these nitrogen compounds might 
be even higher in the smog over big cities on earth. 


Suppose there were intelligent creatures of high scientific- 


technologie level on Mars and they were able to make spectro- 
graphic studies of the neighboring blue-green planét Terra in the 
search for extramartian life~-they, too might detect nitrogen. 
oxides in certain smoggy, foggy aréas of earth. They probably 
would come to the conclusion that if there is life on earth it 
could not be in these foggy spots, which they might interpret 

as volcanic eniptions; but, of course, they could not know that 


they are ‘the product of many millions of exhaust pipes of vehicles 


of the highly mechanized terrestrials, 


Voie antalattes cident tm She Yaad 


} Finally, “there are some organic chemical interpretations 


ofthe dark areas which have madé some impact upon the Martian 


life theory. Ten years ago spectroscopic absorption bands in the 


infrared, near 3.6 microns, were observed but only over the dark 


areas. This was considered to be an indication. of the presence 
of organic molecules. But later it was found that they conform 


just as well with thé absorption bands of certain inorganic mole= 


I 


cules, particularly of heavy water (deuterium). 


PS iaante meee 
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- Spectroscopic studies of G. Kuiper in Tucson, Arizona, 


and of Tikhov, Alma Ata, and comparative polarimetric studies 


: of Dolifus, Paris, of the dark green areas on Mars ‘of terres- 


trial green plants are also in favor of the vegetation theory. 


. Very recéntly methane or “marsh ack hast been detected 
in the Martian atmosphere and interpreted as ibadasd by 
methane bacteria via Fermentation of orgnic soil material. | 

And, last but not léaét, on Mars there are eetasionally 
heavy dust storms, as was the casé in 1956, The sihiole sisnet 
then appears reddish. But several weeks later the dark areas 
reappear. This, according toH. G, Oepik, Ireland, can be 
explained only that the dark material must have regenerative 
power, which points to vegetation. So much about the visual, 

‘ inorganic and organic -interpretations of the so~called *maria." 


Geo-ecological Evaluation of the Martian Environment, 


Now, let us briefly examine the Martian.environmental 
conditions in terms of the ecological principles of limiting 
factors from the point of view of terrestrial biology. Such an 


analysis has to consider essentially the physico-chemical 
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In order to obtain a picture of the ecological suit- 
ability of the planets as abodes for life of the kind we 
know, which is based on carbon as the main structure 

* atom and on water as ‘the solvent medium, we must examine 
whether or riot the fundamental biophilic chemicals, 
particularly oxygen, carbon, nitrogen, and water are 
present, and certain vitally important energies such as 
electromagnetic thermal radiation are found there in the 
proper tolerable range and intensity. In order to qualify 


as a life-supporting environment, these chemical and 


physical factors must lie above the ecologically required 


minimum (law of the minimum J. von Liebig), and should 


net exceed the permissible maximum. The minimum and 


maximum are the so-called cardinal points on which the 


ecological "Jaw of limiting factors," (F. P. Blackman), 
is based. Beyond these two points life is still conceiv- 
able ina dormant state. It finds its terminus at the final 
cardinal point: the ultimum, 

In addition to the presence of life~supporting, bio~ 
phile chemicals and energies, the occurencé of toxic ones 
must be included in an ecoenvironmental analysis, All of 
these basic ecological criteria réfer not only to the con- 


ditions in the wide open surface spaces {macro-environment) ‘i 


but also particularly te those found in smaller locations I 


i 
| 
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suchas craters, valleys, fissures, pores of the soil, etc,, 


(micro-environment) A 
We must also take into account the adaptive power of 


life to hostile environmental conditions by developing life- 
supporting aaa Protecting mechanisms, and, last but not 
least, the infliénce of a biosphere upon: the physico-chemical 
environment, 


On a larger topographical seale, in an echological 


evaluation of a planet, we must consider the various 


possible components of its physico-chemical environmental 


profile such as the lithosphere, the hydros phere, atmos— 
phere, gravitational and magnetic field forces plus extra- 


Planetary factors such as solar and galactic radiation, 
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conditions of the atmosphere. and the surface, or the interface 


This is, of course, also 


between these.two environmental spherés 


7 


of special significance fora manned landing ‘mission. 

1. First, the lithosphere, the inorganic material of the dark 
and red surface consists probably of iron oxide and. iene. ‘They 
contain the basic elements ‘of which life as we know it om Earth is 


composed, 


2. Air Pressure and Chemical Composition. The earlier 


estimations of the atmospheric pressure at ground level on Mars; 
based. on spectrographic studies, ranged from 85 to 100° millibars, 
The-occultation experiment of Mariner IV suggests a pressure of 10 to 
aS millibars. If we assume a barometric pressure of 10 milibars in the 
lowlands, this would be pressure equivalent to that of 30 km altitude 


in the earth's atmosphere. 


experiments in space environmental simulators.and in containers 


carried outside a spacecraft have shown that certain bacteria and 
particularly spores are resistant even to @ vacuum. for some time. 


The atmospheric chemical composition includes carbon dioxide, 


nitrogen, argon, water vapor, and traces of oxygen, if any. Formerly 
nitrogen was considered the dominant constituent. Recent evaluations 
of the Marinér data put carbon dioxide inte the first place. 

” The” oxygen is practically absent in the Martian atmosphere 
is certainly a life-limiting but not excluding factor. It is true 02 


is the “element of life" (Lavoisier) for most of the species of the 
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‘plant and animal kingdom and for man, because their energy 
production is based on oxidation (oxybiosis). But there is” 
also a large group of bacteria (anaerobic bacteria) which do 

not need oxygen at ali, or are even sensitive to it {anoxybiosis). 
Their metabolism is regulated by enzymes; these anaerobes 
would féel at dome. on Mars. Anoxybiosis might be the 

"Martian way of life.” But, if chlorophyl-bearing organisms 
should also exist on Mars, they could produce their own oxygen 
phovouyetnettdatty and might store it in intercellular air spaces, 
similarly to those found in the leaves of terrestrial higher 


plants and within the structure of lichens and mosses. | Photo- 
a 


synthesis requires carbon dioxide and water. 


0.3 mm Hg.; on Mars it might be 10 times as high. The polar 
ice caps are now assumed to be a mixture of dry ice and water 
ice. A higher carbon dioxide concentration on Mars would be of 
advantage for the growth.of vegetation since carbon dioxide in 

a higher range up to 15 mm Hg. increases photosynthetic 


activity, Beyond 20 mm Hg it-has an inhibiting effect upon 


this process, At ohatan Aave di ganmned Sefer te thimag ber! 
Ur, tert gpk. brads ameingdin ay revo ctartoy'y aa, 
Ate presen of Dihery 
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Water, the other basic raw material for photosynthesis, 
has some fundamental functions for life; it serves as the diluent 
of salt and organic substances and as a chemical reactant in 


cellular metabolism, and has been the matrix medium for the 


origin and é¢volution of life on Proto-earth. In the ae 


. Y “i 7 ol f- ig 4. he 1 s 
- . Bie sihed water a ee is Sseamenpibarce’ vt amounts: ng ty oe P 
th igh of Aadermem, af He Re Anka. ond septal hy Marine 


1/1000 of the average humidity ie! the terrestrial atmosphere. 

But on earth there are a number of large deserts in which the 

air is just as dry, and yet botany knows of many so~called 

desert plants which are able to store waiter in their tissues and 
- have developed membranes to prevent evaporation. For plant 


life most important is the humidity of the soil. If the barometric 


a ” of water, i.e., H2O can eXist only in the state of vapor and ice. 


? But in the lowlands of Mars the air pressure might be around 
10 mb, in this. case it could occur also in the liquid state in the 
soil. The so-called * wave of darkening" moving from pole to. 
aa, 
pole in spring is ‘én indication of soil moistening. 


However, most of the time extreme dryness prevails on 


the Martian surface. But we have on earth microorganisms that 
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can survive long periods of complete desiccation. From the 
point of view of terrestrial hydroecology, lifé on Mars should 
be very limited, but it is not impossible. 

The water problem. is closely relatéd to temperature ; 
with this we come io the life-supporting energies -- first, 

-, 
thermal energy Py Harmatertry ra << 
i The’ solar constant at the mean orbital distance of Mars 

from the Sun is 0.85 cal cm~*min=!. if we allow 20% for 
absorption by the Martian atmosphere, then solar thermal 
irradiance at the surface of Mars at noon might still be about , 
0.6 cal om™2 min7, Exposed to this thermal influx, the surface 


of Mars can reach, maximally, in the afternoon, a temperature 


of #25°C, The dark areas are some 5°C warm - 
oe OME WEEN 9 DUT 


night the temperature drops to a ~60°C, and lower. The mean 
temperature is about 15°C lower than that on earth.” is 

ud In general, then, the Martian surface temperature is 
ecologically adequate in summer for about five hours each day, 
but all the other times it stays below the freezing point of water, 
@ condition which appears particularly prohibitive to life, Active 


life processes in terrestrial biology cease around ~10°C and 
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most organisms do not survive. But others enter a dormant 
state (hibernation). Moreover, there are bacteria that can 
auivive a temperature close to absolute zero, We know also 
that terrestrial organisms have developed mechanisms to absorb 
more heat energy by pigmentation; which-makes. them more 


: “ 
tolerant to low temperatures. | 


Protection against frost could be imagined-if the Martian. 
plants were able to produce some kind of anti~freeze such as 
glycerol as a metabolic by-product, In fact, some of our 
terrestrial lichens contain erythrol, which belongs to the. same 


class of chemicals as glycerol. Recently it has been found 


that certain bacteria such as Aerobacter Aerogenés survive when 


experimentally exposed to a diurnal freeze-thaw cycle. 

All this means that a biology on Mars during its cold 
nights turns’always into cryobiology. However, locally there 
might be.exceptions in the form of perma-warm spots on the 
surface similar to those on earth, as for instance in Alaska, 
Wyoming, Iceland, and New Zealand. There is no reason (in 


ue ) 
terms. of planetary analogy why similar perma~warm. spots. should 


not exist on Mars, possibly above dormant volcanos; they would 
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not have’ the low night temperatures and, therefore, would have 
Tha, posragan P Ahar previrs reat, 
a Higher ecological potential. & fs at 
hay disereud a Carmsp ed en fe dettaadte 2g fe ppteonnd 
Ss 


sensors by. future automated Martian orbiters ‘may answer thr 


question. 
Light is the next important ecological energy factor for 

life, But many microbes can get along without it, as demonstrated 
by those found in caves, pores. of the soil, underground water, 
and in the deep sea. Chlorophyl-bearing plants, of course, 
‘eauire light energy for the. photosynthetic buildup of organic 
matter. 

i The minimum illuminance requirement for photosynthesis 
lies around 2',000 lux, (lumen per square meter). Solar 


Mars amounts to 


60,000 lux. After penetration of the atmosphere at the surface 
of Mars. it might still be in the order of 30,000 to 40,000 lux. 
There should; therefore, be enough light daily for photosynthetic 
; activity. Te 2 e 
UN Lem the. pork of vier oh 
© photoscologtyalty the conditions on Mars are well within 
forse” 


the range-of photosynthetic requirements. 


Cao lo 


i” 


ie con 
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by-the-oeeultation: experiment of-Mariner IV, might not provide. 
* . 


effective protection from harmful¥golar ultraviolet and x-rays ~ 


! 
t 


it is: argued; but ‘we musi remember that solar irradiance at. Mars 
distance from the sun is less than half of that at the earth's 
solar distance... Furthermore, a certain amount of these’rays is 
certainly absorbed within the atmosphere. From biological 
research it is ‘well-known that ultraviolet rays, particularly in 
the range from.2500 to 2800 Angstroem are indeed very destructive 
to most terrestrial microorganisms. For this reason these rays 
are used for'sterilization of food and even of lunar and planetary 
landers to prevent contamination and back contamination. But 
there are various degrees of resistance to ultraviolet rays, due 

7 > 7 
are even stimulated in growth when exposed to low intensity 
solar ultraviolet and x-rays. And, finally, it has been observed 
that. microorganisms, plants, and animals are less susceptible 
to ionizing radiation under hypoxic and hypothermal conditions; 
this is particularly interesting with regard to. Mars with its pte 
oxygen-free and low temperature milieu. All in all, solar ultra- 


violet and x-radiation cannot be regarded as a lifé-excluding 


i 
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L tactor on Mars, particularly in the somewhat protected micro- 


{ environments . 


Finally, anergetic particle rays of solar and galactic 


origin are considered as possible adverse factors to life on 

Mars. because they can reach its atmosphere unhindered by a 

magnetospheric shield? ut because of the greater distance 

from the sun the influx of particle rays of solar origin is 

certainly lower and the so-called microenvironment provided 

by caves, craters, and fissures might offer effective protection. 
“in concluding this ecological evaluation of the Martian 


environment, I-should like to emphasize that we cannot consider 


these various ecological factors separately; there’ are inter- 


effect of another, as in the example of radiation tolerance under 


hypothermal and hypoxic conditions. Furthermore,.a biosphere, 
as such, can change the physico-chemical properties of the 
atmosphere and of the soil, transforming the latter into humus, 
which is mineralized decayed organic matter, making the soil 
more fertile for vegetation. Considering all of these factors and 


their interrelations, plus the more moderate micro-climate, plus 
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e adapti , i to the conclusion that 
the prospects for life on the Martian surface are a in'the 
realm o&pssbability fit of possibility. 


+ ee 
This domed supported by laboratory experiments 


in which most of the Martian environmental conditions are 


simulated. A number of bacteria and even. some lower plants 
not only survive but multiply and continue io grow in such Mars 
chambers. 

In summary, most of the Mars researchers are in favor of 
the Martian Life Theory and a non~biologicai interpretation of 
the color of the dark blue areas does not exclude the possibility 


of life. 


a ariner ars’ pictures. were 


released some doubt was raised. The most pessimistic argument j 
referred to the dry, cratered surface of Mars with no visible 
water erosion, appearing more "Moonlike” than Zarthlike. In 


this corinection, I would like io discuss: briefly a somewhat 


forgotten theory closely related to the water problem on the 
Martian surface. For this purpose we must take a deeper look. at 
Mars below its surface, anda deeper look into its planetary 


history, 
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The present-day Mars indeed makes the impression of a 
“dried-out" planet. It has lost its ancient oceans into space, 
which is the generally accepted theory, But in 1910 A, Baumann, 
Zurich, gugwasien that the waiters. of Proto-Mars are now frozen. 
and covered with solidified dust, Along the same line, H, BE. 
Suess, 1957; Chicago, stated that " substantial quantities of 
water may be buried under dust and never become volatile at the 
low temperature of parts of the planet." This frozen-océan theory 
has been revived recently by V. D, Davydov, Moscow. He 
theorized that there might be a subsurface ice layer 500 meters 
thick in the equatorial regions. Beneath this "frozen conglomerate," 


or "cryosphere ," water might be found even in the liquid state 


e interior of Mars. And 
when cracks in the ice layer occur, caused by Marsquakes, water 
may reach the surface and produce localized giant clouds and 
white streaks of fog, lasting several days, as have been described 
by P. Lowell andE. Cc, Slipher, Flagstaff. White spots glittering 
like ice have been observed in the equatorial regions by Saheki, 


Tokyo. More probable than quakes of volcanic origin, impacts 


by giant meteorites of asteroidal origin could be considered as 
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causes of craters and cracks in the soil-covered frozen hydro- 
Sphere , or hydrocryosphere. 

This assumption becomes even more attractive, at least 
to me, if combined with another not so well-known hypothesis. 
In 1937, P.A.M, Dirac advanced the hypothesis that the 
Gravitational constant has decreased during the life of the solar 
system and continues to decrease. This has led to an expansion 
of the Earth, causing "tension cracks" or fissures on land and 
at the bottom of the eceans, as recently described by R. H. Dicke, 
Cornell University, and P. Jordan, Hamburg University. The 


splitting of two giant original supercontinents, Gondwanaland 


and Laurasia, about one billion years ago into several secondary 


Wegener), is attributed to this. gravitational phenomenon. 


It is logical to assume that on Mars, too, this gravitational 
decrease has caused similar effects, namely volume expansion 
and tension cracks. With this planetary expansion tendency in 
the background, meteoritic impacts in addition to volcanic 
eruptions could have triggered fissures of tremendous lengths, 


particularly in a crust with an ice layer below. This threefold 
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environmental combination: subsurface ice layer, planetary. 
volume expansion, and meteoritic impacts might well have been 
the mechanism behind the scene of the. dark spots called oases \ 
and the dark linear markings or canals which generally radiate ia 
from the dark spots over tremendous distances, 
The existence of a subsurface ice and water table on Mars 
would increase the humidity locally, i.e, , in and around the 
meteoritic impact craters and in and along the fissures, making 
them ecologically more suitable for the growth of vegetation, 
Actually, it might be the soils humidity and vegetation that make 
these areographic surface features visible to Earth's based optical 
astronomy, in the first place. And, last but not least, a 


ce ice layer, or hydrocryosphere, on Mars would represent 


a hidden reservoir for continuously replacing the. small water vapor 


amount in its atmosphere; without it, all of the water molecules 
might have disappeared into Space in the course: of millions of 
years (Barabashov). 

Moreover, if there is a water layer below the ice layer, 
then in addition to the surface biosphere there could be a 


subsurface habitat for life, maybe based on chemosynthesis. and 
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preserved from primordial stages of evolution. After all ~ if 


Sutin 


there should be life én the Martian surface, this would not be 
coneeivable if there had not been open waters for its origin, 


By the way, from the point of view of Mars Medicine, or 


or bioastronautics, a subsurface ice layer or hydrocryosphere 
would represent a "gold mine," so to speak, logistically for a 
manned Martian expedition, 

All of this might be termed wishful thinking on the part 
of Astrobiology and Mars Medicine, especially in the light. of 
the close-up pictures of Mariner IV, Their initial interpretation 


was that the "visible Martian surface is extremely old and that 


neither a dense atmosphere nor oceans have been present on the 


rme. 
— ee  Surtace was formed. 


But later evaluations of Mariner IV photographs considered 
the surface of Mars to be only about 300 to 500 million years old, 
and led to the: statement that “the crater density on Mars -no longer 
precludes the possibility that liquid water and a denser atmos- 
phere were present on Mars during the first 3.5 billion years of 


its existence {B. Anders and Y. R, Arnold). Thus, the ancient 


Rene Pea ag 


ogean theory might. be correct after all; and it might be that some 


i 
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300 to 500 million years: ago Mars, after it had lost most of its 
water into space, ‘entered @ permanent ice age, and that the 
remaining frozen waters in the course of millions of years became 
covered by a deep layer of dust which became solidified and was 
bombarded by numerous asteroidal meteoroids, starting with the 
disruption of Planet X, the matrix planet of the asteroids, some 
300 million years ago. This might be the face of Mars that we 
see today. 

Of interest concerning humidity are the hoarfrost-crowned 
craters in some of the Mariner IV pictures, and a white. spot with 
a dark spot at one side in Picture 14 which looks like a big cloud 
casting a shadow below, I should like to mention that several 
definitely recognized in several pictures linear markings and 
oases which coincide with some known to them from telescopic 
observations. 

As mentioned earlier, the reddish areas are assumed to be 
highlands, the continents of ancient times: The dark regions, 
then, are the lowlands covering the low-level remnants of the 


ancient and now frozen ocean. It is only logical to assume that 
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the dark lowlands have a higher soil humidity due to the underground. 
ice table ‘and thus offer an ecologically more favorable substratum ‘for 
the existence of a Martian biosphere, 

But most of this is stilt speculation. a iy 
Of Mperdrnan Saat rap idigedad we hk 
orkh around. Marefor?i-deys . This will be followed by ex; Joration on 


” the ‘spot , in the year.1973, automated landers called Vikings, wit) be.) 
sent to Mars for acquisition and analysis of soil samples and to 
telemeter the data to Earth. But the final answer concerning a Martian 
biosphere might come from a manned expedition which is Predicted for 
1983, Only Martionauts, protected by pressure suits » Walking around \ 
outside the Mars ‘station will be able to select different Surface areas 
and bring back samples to its research iberabey and later to Earth, Bg i 
¢ 
Only they wili be able to take a deep and close look at rock formati, # 
in itssures and craters which might give us ‘some information about the , 
paleological evolution of life on Mars. 
If the answer is: No life on Mars and never has been - this would 
~give. the explorers a unique Opportunity to Study the chemistry of a 
Virgin planet of the terrestrial group. Ifthe answer is:. Yes - then 


we would be interested to know if the Martian life is similar to that 


on Earth, based on carbon biology, 
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or of a completely different kind unknown to us . But, whereas 
the assumption of extracarbonic life is at present a matter of 
Ste speculation, there are strong indications for the possible 
existence of life of the terrestrial type suggested by the older 
‘and supported by the latest astronomical findings-and their 
ecoBfdlogical evaluations. 

If some. day this will be confirmed by future astronautical 
and astronomical efforts and the guestion of extraterrestrial 
life will be answered ina positive sense--and the answer may 
well come first from Mars--this will not be the news of the 
century, not the news of the millenium, it will be THE news of 
the recorded history of mankind. Moreover, it will extend ‘the 

re eo ical éra; Into 


a universal spectrum--the Cosmozoicum. : o , 
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Because of its proximity to the Earth and its earth- 
like appearance, Mars is the planet most favored in the 
astronautical literature as a etch for the describing of 
and calculating of a planetary expedition. 

Of primary interest to the Astronaut will be the 
question of the kind of atmospheric environment he woula 
find there from the standpoint of human physioloyy, and 
more especially what kind of protective measures would he 
have to take concerning respiration. 

First, atmospheric entry will pose fewer aerodynamic, 
aerothermodynamic and pertinent physiological difficulties 
than those that are encountered in the terrestrial atmospt 
because of the lower air density. At ground level--there 
is, by the way, no sea level on Mars because of the absenc 
of open bodies of water--the barometric pressure is about 
70 mm Hg. ‘This pressure correspona= to an altitude of 
55,000 feet in our atmosphere. Barometrically, this altit 
is, so-to-speak, the Mars equivalent level in our atmosphe 
The oxygen pressure at eround level is probably lower thar 
it is in our ee CR ae Our pilots tlying at altitudes 
of 55,000 feet must wear pressure suits. ‘The same would t 


required for an astronaut on Mars when Le leaves the seale 
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compartment of his space ship. However, an air pressure 
of 70 mm Hg. lies just in the critical boraer range in whi 
a pressure suit, or simple oxygen equipment with pressure 
breathing, are a matter of dispute. Oxygen equipment with 
pressure breathing may be sufficient tor shorter periods 
of time - for twenty minutes or so. Anda here I would like 
to mention that B. Balke, of the School of Aviation Medici 
United States Air Force at Randolph Air Force Base, Texas- 
after spending six weeks at a height of 14,800 feet at 
Morococca, Peru, for acclimitization purposes-- was able t 
withstand an altitude of 53,000 feet in a low pressure 
chamber for three minutes, applying pressure breathing onl 
A certain altitude adaptation of the astronaut can ve expe 
if the air pressure in the sealed cabin is kept at a press 
tel fen tmosphere during the tri. Be eh as ee, 
A terrestrial explorer on Mars, wearing a pressure suit or 
pressure breathing aevice must always retreat, after an ho 
or hours--depending on the perfectness of tne equipment--i 
the more convenient sealed compartment of the ship, which 
should have its landing place on the lowlanas because--wit 
regard to the respiration equipment--every millimeter Hg o 


a degeeg sed tritn 4 for om phonet #Ra reer 

air pressure counts. ,~ “Tiers tok pater, rho 19 acenrsd 
yt bemdrengh Surtesd tuned heck bela the Link 

In the event ot a leak in the sealed cOmpartment or i 


the pressure suit, the astronaut woulda encounter the same 


Ve Sevrprinad 


Page 257 


CH Par 


rapid decompression efiects incluaing anoxia and sero- 
embolism as the pilots in our atmospheric region do at aro 
50,000 to 55,000 feet. He would not, nowever, be endanger 
by "ebullism" or the so-called" “boiling” of body rluids. 
See Chapters + and » © . ‘This effect becomes manifest 
Mars at an altitude of 13,000 feet which corresponds to 
63,000 feet in our atmosphere. 

These are the essential points which must be consider 
to insure the physiological air pressure and oxygen supply 
for an astronaut. A factor which mignt facilitate the 
oxygen requirement and tne mobility of the astronaut, mixgh 
be the relatively low wravity on Mars, which is 58 percent 
that on Earth. A 170 pound man woula weigh less than 70 
pounds. pine temperature in summer during the day in the 

Sng a> ae de Sec nae eictadc te cae eae acne 
temperature drops very quickly to 45°C, the space cabin m 
provide adequate protection. Harmful efiects from solar 
ultra violet rays can be disregarded. And even if they we 
not sufficiently filtered out by the martian atmosphere, 
the skin of the astronaut is always protected by tne 
respiratory equipment of: the cabin. Health hazaras from 
primary cosmic rays too are probably not to be expected 
because of the atmosphere's absorbing power. Tne same wo. 


certainly be true concerning meteorites. 
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The intensity of daylight on Mars is lower than on 
Earth, but still in physiologically aesirable limits. 
The color of the sky is probably bluish white, due to 
scattering of light by the air molecules and ice crystal 
Finally, an adaptation of tne astronaut to a different 
day-night cycle is not necessary, since the day-night 
cycle on Mars is only 37 minutes longer than that on Bar 

Such are the climatic environmental conditions tnat 
terrestrial explorer probably will fina on Mars from the 
standpoint of human physiology. a strange "second earth 
This situation is somewhat comparable to that of the Her 
Crab which periodically climbs back into its shell that 
provides some of the cool humidity of the sea, the origi 
permanent environment of these creatures before they haa 
ventured onto the sand dunes of the shores some halt mil 
years agoe For temperature reasons, too, auring the nix 
when the temperature drops to 45°C, even in the equator 
regions, the astronaut has to stay in nis protecting 
shelter, just as the Hermit Crab spends the not sunny no 
hours in the coolness of its snell. 

Of special interest for a terrestrial explorer on W& 
will be the question as to whether or not adortyhet” lit 
exists on this planet itself. ‘this is a problem of gene 
philosophical significance ana has occupied the human mi 
ever since Chiap$rteili reported of having observea cana 


Bitioe. xo wes described tor tne iirst time, bluisno gre 
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areas which showed seasonal color variations. Wili an 
astronautic find that the dark areas in the equ@borial rex 
are volcanic ash or other inorganic waterial, or will itt 

{ green vegetation? and if so, woat kina? spectroscopic stu 
of the green areas by E. C. Slipner, Kuiper, Tikhof, Sinto 
and polorimetric studies by Dolitus suggest the presence o 
vegetation. The physical conditions are quite severe with 
the exception of sufficient amounts of carbon dioxide and 
light. ‘ne temperature varies from +25c° Quring the aay t 
45°C auring the night. Oxyyen and water are very scarce. 
See Table #v . 

These extremely severe climatic conditions on Mars co 
according to our terrestrial standards, support only very 
hardy and cold resistant plants. But we aust consider not 
only the climate as a whole but also the so-called micro— 
climate near, on, and below the ground influenced by surfa 
and sub-surface features, snow coverinys, hollows, etc., w 
usually moderate the extremes of the macro-climate. And 
then there is the enormous capacity of lite to adapt itsel 
to abnormal climatic conditions. With regard to the specif 
environment on Mars we shoula consider storing of photo- 
synthetically produced oxygen in intercellular space struc 
as we find them in terrestrial plants, especially in swamp 
Plants, storing of carbon aioxide in intercellular tluidg 


hydroscopic properties of tne plant tissue and storing of 
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water as in our desert plants, strong absorbing power of t 
plant's surfaces for infrared and a shift in the reflectir 
power toward blue for temperature control ana protection 
against ultraviolet if tne latter is necessary. The pronc 
bluish tint of the green areas on Mars might offer a hint 
this respect. Protection against 1rost coula be imagined 
if the martian plants were able to aevelop some kind ol ar 
freeze such as glycerol. hte sies even terrestrial ar 
celis can survive temperatures as low as =90°O when placec 
in glycerol solutions. 

We know of impressive examples of toe adaptive power 
life to extreme temperatures in places like Alaska ana ot! 
(®. F. Scholander, et al) as evidenced in complete suspen: 
and activation of life associated with the year's seasons. 

iii tn eee ight be compressed inio ine time 
pattern of a day and night. 

In all the pros and cons of the Martian vegetation nh 
thesis, there is one point recently brought up by E. G O 
with which I would lixe to conclude tnis general astrobio 
cal part of the discussion. ‘ne dark bluish green areas . 
have strong regenerative powers, otherwise tney woula hav 
long since been buried uncer yellow aust, whipped up by 
frequently observed dust storms. ody strong regenerativ 
power must also be postulated on the basis of tne speed“), 
expansion of the green areas in the martian spring. No s 
growth rate under such severe climatic conditions, as nus 


been emphasized recently by Salisbury, is known to us in 
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terrestrial botany. Whether or not the vegetation hypothe. 
will remain a phe will depend on the combined eff: 
of astronomy, astrophysics and biology, or more specifica. 
botany and apeinataite on the success of astronautics. 

If, however, space weaical studies were proven usefu. 
for planetary space operations--and they most certainly w: 
be--then space medicine would have contributea its share i 


the solution of this Captivating riddle: life on other wo2 
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MARS 

As shown in the preceeding chapter,'Mars seems to be the most qualific 
of all the simetly’ thee Utietin of Earth, far being an abode of life 
as we know it. Because of this, we shall study Mars more in detail. fF: 
the standpoint of manned flight this is of special interest, and useful 
when making some comparisons with the upper regions of the terrestrial atm 
phere. In fact, it is through such comparisons that we better understand 
the flight physiological qualities of the upper atmosphere on Earth, and tt 
ecological qualities of the atmosphere on Mars at its surface level. 

The barometric pressure on the surface of Mars is about 70 mm Hg. Thi 
pressure corresponds to an altitude of 55,000 feet or 16 kn. on earth. Thi 
! altitude is, so-to=-speak, the Mars level in our atmosphere, Flying above 
this level is comparable to flying under Mars equivalent conditions. Durir 


the ascent of the balloon Explorer II, in 1935, at an altitude up to 72,00C 
feet, various kinds of bacteria were found in these layers. Later these 

organisms grew when placed in cultures; they had survived at those tremendc 
heights, The oxygen pressure in these Mars-like zones of our atmosphere is 
some 10 mm Hg higher then that on Mars. The carbon dioxide pressure is low 
The temperature in our stratosphere is constahtly around -55° C. On Mars, 
during the night, it drops even lower to -70°C. During the day, however, i 
may rise to 80°C in sumer, Sum sumsarum: Organisms which can survive 
the severe climatic conditions existing above the 55,000 foot level of the 
terrestrial atmosphere, can survive on Mars too. But during the day Mars 
shows a friendlier face because it may permit active life, of the type we 
know in the lower stages of green vegetation. 
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Green areas, Covering sbout one-third of the surface appear during tt 
Martian springs they change into yellow in sumer and brow in Fall, At 
present we can conclude this Subject matter with the following statement: 
the Martian climatic conditions make life, as we know it, indeed a possi- 
bility. The visual observations of the green areas, reinforced by Spectro. 
scopic studies, make it Seem even a probability. 

We must, however, not only consider the environmental conditions alone 
we must also take into account the reactions of living organisms as respons 
to their environment, This branch of ecology is called Physiological 
ecology in contrast to physical ecology. These responses generally serve a 
protective measures and also to facilitate the existence in an extrene 
climate, They are called climatic adaptations. 

Examples of this phenomenon are found in all realms of the living work 


a few of these are: Thi, 


against too intensive light by reflecting it, Development of internal air 
Spaces in leaves of plants to store oxygen, photosynthetically produced, 
Storage of carbon dioxide in the tissue fluids as it is found in certain 
desert plants, These are only a few axamples, If the hypothetical Martian 
Plants have developed sinilar adaptative mechanisms, the Physiological 
objections against the martian vegetation theory would lose weight, 

OF wrenteet tueirtenoe for cur discussion is the taleranee ani edepi- 
ability of organisms to temperature. Haystack bacteria still grow at 80°% 
and can survive temperatures up to 12000, Other bacteria, lichens and 


Page 21 


zee. 


mosses, are able to withstand temperatures down to the neighborhood of 
absolute zero, when they ce Gumeed for weeks in liquid oxygen or liquid 
nitrogen. But we find in free nature similar impressive examples. In 
Alaska in the vicinity of Point Barrow, 20 to 30 inches deep in the snow 
covered soil, temperatures have been measured down to -20 and -30°C, which 
ested for months (Scholander, et al). Larvesof insects in these depths 
were found frozen brittle like glass. But when the winter snow melts 
away, these larvae come to life again and soon all kinds of insects and 
other lower animals - which were for a number of months in a deep frozen 
enviroment - populate the area. This yearly revival, from a completely 
suspended animation caused by cold, to a flourishing life, is perhaps one 
of the greatest biological miracles on earth. In Alaska this intermissior 
and revival of life goes on during the seasons, over a period of a years 
On Mars it might be compressed into the time pattern of a day and night. 
spermatoa of roosters can tolerate deep temperatures down to -70°C when 
glycerol is added to the solution. If Martian plants would have developac 
similar anti-freeze measures, they could eesily withstand the cold nights 
on that planet even if they were of the kind of lower plants as we know 
them on earth. It is perhaps no incident that certain lichens contain 
eryhtrol, which belongs to the same alcoholgroup as glycerol. 
Summsrizing we may state - from a biological point of view - that thi 
climatic conditions on Mars are indeed extremely severe; but on earth too 
jin certain places we observe extremes in certain ecological conditions 
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that are not very different from those on Mars; and yet, plants have 
developed adaptive mechanisms which enable them to successfully withstand 
these conditions, The Martian vegetation hypothesis mey not actually be a 
hypothesis. But astronomy will have the first and last word on this 
question - or, eventually « space traveller to Mars. 

In conelusion, I would like te again emphasize that (the) discuseion on 
the possibility of life on other planets in this and the foregoing chapter. 
is based on terrestrial biology. One must not, however, dogmatically pre- 
clude the possibility of other forms and processes of life and other kinds 
of adaptations completely unknown to us. 

But, as the astrophysicist teaches us, the processes in the inorganic 
word follow as far as the telescope can reach, the same laws and rules as 
on Earth - in the free nature or in the laboratory insofar as they can be 
Simulated. And it would seem strange if this would be any different in the 
biological sector of the cosmos. 
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SPACE MEDICAL AND ASTROBIOLOGICAL RESEARCH 
(BIOASTRONAUTTCS ) a " ei 


BY: HUBERTUS STRUGHOLD , M.D., Ph.D.# 
February 1958 

Space medicine, a logical extension of Aviation Medicine, 
in existence since about 1948 at various places in the United 
States, studies the humen factors involved in all types of 
Space operations, or in bloastronautics, in order to contri- 
bute to the realization, safety, and efficiency of this kind 
of human flight. 

Its tasks are essential from the design phase to actual 
Operations of a space vehicle. The human factors involved 
ars medical, physiological, and psychological in nature. 

Space medical research is based on three lines of 
approach: on theoretical considerations, on laboratory 
experiments, and on experiences and t re 

ea RPS iences and testing in the ttaid 
1. 2., in space itself, 

From @ space medical point of view, some of the 
characteristics of Space flight are encountered in altitudes 
as low as 12 miles; therefore, the experimental territory 
of space madicine begins in these partially space equivalent 
regions of the atmosphere, In the following a brief outline 

iven about 2 : 
Advisor for Research to Vaj Gen Otis 0. Benson, Jr., USAP (uC } 


Commandant, School of Aviation Madicine, UBAF, Randolph APB, 
Texas re ia 


Theoretical studies represent largely a biomedical 
evaluation ofthe results of the physical’ exploration of the 
. higher and uppsr atmosphere and of nearby space, as carried 
out in high altitude balloons, sounding rockets, and research 
satellites. Of special medical interest skip the air density 
with regard to aerodynamic support of a vehicle and thermo-. 
dynamics. Heat radiation and visible radiation from the Sun 
pose thermal problems concerning the climatization of the 
cabin and visual problems for the crew, respectively. Of 
importance also are the intensity distributions of ionizing 
radiations, ultra violet and x-rays, and especially of cosmic 
ray particles and the distribution of such meteorites which 
might be dangerous for the space cabin, 

Theoretical studies are, of course, also the basis for 
the points of departure and direction of experimental research 


These two experimental lines of approach cannot always be . 


Separated. Some of the problems can be solved only in the 
laboratory, some only in actual space flight, and some need 
a testing in both. 

By and large the experimental space medical problems 


arise from the environmental milieu of space per se and 


2 
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from the process of motion to, through, and return from this 


onyironnent. ; 
tmns milisu problens are siaria ly centered ‘around the 
task of providing the craw with an | artificial habitable atmos- 
phere; this isa crucial part’ of fiumen engineering ef the 
space cabin. The pertinent laboratory research tool is the 


space cabin simulator. 
uxparimentation and tasting involves the various componsnt Ss 


” of a physiologically acceptable climate for the crew (oxygen 
supply, carbon dioxide reroval, humidity, and temperature 
control and odor removal). Basically the physiological ne2ds | 
and the required physical and chemical means are known; however 
regensration and climatization of the cabin's air demand a 


continuous search for the most effective physica and chailcal 


methods. 
Wlimination and recycling of body wastes in a closed 
—=====—ECOlOpical SyStam 18 notiar Tesaarcn vase Tor wine Lav0ratory = — 


Than in space flight over longer periods of time {in the order 
of months) biological m3thods based on natural or artifictal 
photosynthesis might bs mors eccnomical for both regeneration 
of the air and recycling of body wastes. 

confinement and deprivation of senscry stimuli in a closed 
system during long duration space operations also require 
physiological and psychological studies concerning static 
fatigue and isolation. New studies concerning day-night 


cycling and the cyclé-less environment of space are 


gz 
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necessary. -All these factors and cthers have to be considers, 
in creating an habitable environment in the space cabiu to 
keep the crew healthy, efficient and alert. 

“ost of this laboratory work has been in progress ror 
several years in space cabin simulatore for man. These studir 
have to be supported by oxperiments in smaller space cabin 
,simnlators designed for animais. Successful test flights in | 
sealed gondolas carried to altitudes of 100,000 fest in high 
altitude balloons have been made. However, there ts still 
much to be done with regard to the efficieucy of the metnods , 
minimization of the weight, and miniaturization of the volume 
of the life supporting and lite protecting equipment required 
in the milieu of space. 

In the realm of motion to, through and return from the 
environment of space, the g pattern associated with this 

2 7 t ett rest. Tolerance 
of and protection against multiples of & during the active 
(power on) phase after take-off and curing atmospharic reentry 
is the one side oif the @ problem. ‘ost of this subjsct matter 
is well understood today due to extensive biodynanic studies 
on huge human centrifuges and on sleds, n the other side, 
aero g as it occurs by neutralization of the earth's gravity 
Sor ing the passive (coasting) phase in space flight is 4 
novelty in human physiology and psychology. ‘wo questions 

4 
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are involved: (1) How does zero.gravity or..the state of 
weightlessness affect the sensomotor nervous system, orienta- 
tion, stce., in other words, human performance? (2) How does 
weightlessness influence the vegetative nervous system and 

the organs controlled by it, in other words, the general wall 
being? on 

For several. years intensive studles concerning both of 

these questions have been carried out in brief ballistic flight 
maneuvers in jet planes with man and animais and in rocksts 
with animais. These experiments have shown that adaptation 

of the human body to such brief zero "g" exposures is possible. 
Further research has to be concentrated on longer durations 

of zero gravity which requires rocket-powered planes, rockets, 
and eventually blosatellites. Human tolerance of zero "zg" 
determines whether or not artificial gravitation in space 

Other space medical problems include protective measur es 

in case of a leak of the space cabin, expsrimentation with 
artificial meteorites, toxicity of rocket fusl, selection of 
. rew for space operations, and some physiological and psycho- 
-ogical problems concerning the ground crew Guring ths pre~ 


-aunching period, 
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{THis review is only a brief outline of the scope of space 
medicine. An early solution of the problems is mandatory in 
order to achieve - in close cooperation with physical space 
science and space technology - an early and safe advance on 
the vertical frontier with manned space vehicles. 

The ultimate goal on this vertical frontier will be an 
approach to other celestial bodies. This raises the problem: - 
“What are the possibilities of an habitable environmmt 
reachable from the earth?” A study to this effect actually 
poses two questions: 1. What are the environmental conditions 
on other celestial bodies with regard to the astonaut himself 
(in other words, from the standpoint of human physiology), and 
2. Is there indigenous life on these celestial bodies? This 
field of science is called planetary ecology or more generally 
astrobiology. Some progress has been made recently by spectro- 
graphic studies of the surface features on Mars and by labora- 
tory studies on the behavior of terrestrial microorganisms 
under simulated Mars conditions. These studies require a close 
cooperation between astrophysics and biology. Astrobiology, 
csactaa eeepc ale bons medicine, which concentrates 
upon the human factor involved in actyal space flight.—Bethm 


are subdivisions of bDioastronautics. 
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i . SPACE MEDICAL RESEARCH IN THE FUTURE 


“Before we do some orystal—ball gazing concerning future 
research, let's first briefly review the various types of 
apace operations and the pertinent veuicles wnich we have or 
may have to deal with today, tomorrow, or in the remote future, 
We can differentiate between two basic types of human flight: 
atmospheric flight, and extra-atmospheric or space flight. The 
latter can be subdivided into 3 different stages of phases based 
on the gperational range or destination wiich include different 
environmentat~cenditions, different g patters and durations. 

The first phase can be called space equivalent flight, i.e, 

flights in thors altitudes wich still belong to the atmos~ 


phere but snow more or less the characteristics of space. These 


space equivalent conditions become recognizable as low as 12 


? 
the atmosphere term'nates as a flight-effective functional mediu 
though it continues as a material medium up to 600 miles. we 
already are deeply engaged in this first phase of space oper=- 


ations as indicated by the high altitude flights in balloons and 


hs fred ar 


experimental rockset-powered cratbe*“Spate-squivalent flight is 
the transitional phase from atmospheric flight to true space 
operations. 

At 120 miles, namely, we cross the final functional border 


or the aerodynamic Limit of the atmosphere. This is the actual 


dividing line between aeronautics and astronauties. Fron here. | 
on, orbiting of vehicles according to the laws of celestial 
mechanics or astrodynamics is possible, whith means that we de 
with the so-called Kepler regims. It begins with the earth's 

Acruk - for satellites, Satellite flight in a geocentric 
is the second stage of spacé operations. The practical range 
for satellite flight lies between 120. miles and 225000 miles, 
But the sphere of predominant gravitational influence of the 
earth or the geogravisphere, reaches is far as about 1 million 
miles. Leaving the gravisphere of the learth none i a catego 
of space operations which require escape velocity Vhade-pushes 
a vehicle Into the gravitational territory of other celestial 
bodies, i. e., into a selenocentric or heliocentric orbit, or 
via transfer orbits into the gravisphere of a neighboring plane’ 
ations are the various kinds of this final category which reouixz 
escape velocity. This picture shows you the pertinent space 
vericles depicted as descendant of a geneological family tree 
based on the jet propulsion principle. On this tree, below the 
atmospheric limit for air-breataing engines, we find the jet 
plane! Above this line is the realm of rockets, ‘The first of 
these developed by Goddard and von Braun, can be considered as 
the proto-rockets. -On the left side, we see their unmanned 


descendants from the smaller missiigs tO the Intermediate range 
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and Intereofitinental ballistic missile and research satellites, 
On the right side are their manned counterparts: the roéket~ 
powered cratt for space~equivalent flights, satelloids, bio- 
satellites and finally the space ship as the ultimate descendan 
of the primordial rocket, 

10 years ago, no one would have believed that most of these 
vehicles would be available in 1958, which is actually the case 
with the exception of the manned satellite and the space snip, 

The time table for their operational availability of course 
will be determined by space technology. The rapidity of prozres 
will largely depend on the development of nosy exotic chemicals 
and of nuclear fuel. With regard to the question of liquid or 
solid/propellants, the answer may lie in taketpg’ the middle COURS 
the development of semi-solid fuel. Such a jelly-like fuel woul 
not need such a complicated pump and vy: 

For the present, the following time table,which was given 
last week at the Jet Age Conference in Washington by CONVAIRS 
Engineer, Krafft Enricke, may serve as 4 guide for our madical 
research? 

PHASE I: 858-1960, First, shooting a rocket close to the 


moon, then impacting on the Surface, circum-navigating the moon, 


establishing a Satellite around it and making a controlled 

PHASE II: 1964-1966, Landing of instrumented vehicles 
the moon, sending of? manned rockets for lunar reconnaissan 
and during the Period 1967~1970, landing small scouting par 
If a permanent moon base is worth waile, this would lead’ to 

PHASE III. in the early 1970s: the development of a sr 
system to establish and maintain permanent lunar bases, 

Krafft Ehricke Suggested a similar time table for going 
into interplanetary space: 

First, 195¢-1s62: Launching “or artificial comets. 

1867-1970: Fast interplanetary reconnaissance 
vehicles to pAtroite the immer solar sy stem, 
(fe Us70!s: a landing on mars, 
1980's: Exploratory trips into the outer Solar sy 

The Russians, of ° 
Meeting, Professor Jegerort from the Academy of Scisnee in Mor 
presented a paper on the dynamics of the trajectory of 4 fligh 
to the moon. In this paper he concentrated on the corrections 
of perturbations of the path caused by neighboring planets. 
Furthermore, it can be expected that the Russians. will attempt 
a landing on the moon not later than 1967. We wiil always nave 
tO expect Surprises. In Space Medicine, however, we must be 
prepared in advance to mset the time table of Space tecinclogy 


and we must not be Caught by surprises, ve Must have an even 
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more progressive Research Program than Space Technology, so f 
as human factors are concerned, in order that we may give co} 
fidence to. the engineers in their sechnological planning. 

Now, the medical problems In the aforementioned various ¢ 
operations are manifold. Some are encountered to a greater 
or less degree in the preliminary stages. They will become tf, 
numerous and complex in advanced space operations. ‘The empha 
may shift from one to another in differsnt types of space fli 
Finally, the time factor or the duration of the flight will db 
come the determining factor in space situations from the medi: 
point of view, 

In the short space equivalent flights of rocket~powered 
cmafts and satelloids, the regeneration of air will present 
no problem in the sealed cabin. Cosmic rays. and meteorites ar 


probably of no concern. The same may be true of zero g, or 


the perfod of coasting. Of more importance 
may be increased g forces; that is, acceleration during the 
powered phase after take off, and deceleration during re-eritry 
into the atmosphere, Atmospheric entry will also be KER 
associated with thermal and noise. effects, Optical problems 
in reconnaissance missions and during the landing maneuvers wi: 
play an important role in these space-equivalent rocket~powere¢ 
flights. 

In ‘narmed satellite operations of some hundreds of revolut- 


ions around the sarth ~ in addition to those already mentioned 
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the regensration of the cabin air. by physical and chemical 
means, and other climatic measures, will require more attenti 
The Same may be said about the day-night cycle, and the psych. 
ogy Of isolation and confinement, External factors, such as 
cosmic rays and meteorites, also may become sSlgnificant in 
satellotds, Tne return trom the orbit will be a problem of 
primary ecncern, 
In all kinds of lunar operations, navigation may absorb 

the attention of the astronaut. In interplanetary flights 
in a heliocentric orbit and by way of transfer orbits from the 
gravisphere of one celestial body to another, tne time element 
will become dominant. New metnods for regeneration of tue air, 
by tieans of natural or artificial photosynthesis, must replace 
those of the chemical type. Recycling of body wastes will be 
necessary to make space logistics more ¢ Q a 

ration of the flight will pose increasingly Psychological 
problems resulting from isolation and confinement. 

Now, 1t is not the purpose of Space flight to roam around 
in interplanetary Space. The ultimate goal on our vertical 
frontier will be an approach to other celestial bodies, These 
Planetary Operations raise the problem: "What are the possi- 
bilities of an habitable environment teachable from the earthe® 
A study to tais effect actually poses two questions: First, 


what gre the environmental conditions on other celestial bodies 
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with regard to the astronaut himself (in other words, from the 
standpoint of human physiology), and Second, is there indigenc 
life on these celestial bodies? This field of science is call 
planetary ecology or astrobiology, Some progress has besn made 
recently by spectrographic studies of the surface features on 
Wars and by laboratory Studies on the behavior of terrestrial 
microorganisms under simulated Mars conditions (Marsarium), 
These studies require a close cooperation between, astrophysicg 
and biology. Astroblolozy and Space iledicine, which latter 
concentrates upon the medical problems in actual space oper- 
ations, are actually subdivisions of Bioastronautics. In: bio~ 
astronauties, especially. in-its aupeiviston, Space Medicine, we 
are by no means in tie kindergarten stage. You know this from 
the many publications in this field, However, there is still 
much to bé done. Without going into 4 i 
blems wiich deserve our attention now, even if Some of them 
may become important not earlisr than in 5, 10, or 25 years, 

i. The methods for absorbing. carbon dioxide and water in 
a closed system are not much better than hose used in the old 
classigal anbibotic studies of zatie, $ Vinibbind, belly. 
and nbneaiit,’ #8 need new exotic absorbers Just ag much as f..5 
rocket anginsers need a new exotic fuel, 

&. The same can be sald regardire temperature control, 

3. Photosynthesis for recycling tie air is Dromising but 


the respective green microorganism may be sensitive to all kinds 


Page 2 


9 


of agents; for instance, bacteria virus, cosmic rays, and so on. 
Artificial pnotosynthesis may be the final answer. Fhoto- 
synthetic processes ubilizing infrared instead of visible ligt 
may be more practical. If such thermosynthesis could be found 
this would be a major breaktirough in the regeneration of the 
cabin's air. Actually, photosynthesis started in this way about 
13 billion years ago, and we axexstill have representatives of 
tunis kind of photosynthesis in the purple bacteria. However, 
these absorb carbon dioxide but do not produce oxygen. Arti-~- | 
ficial photosynthesis and thermosynthesis represent an in- 
portant area of research. The guiding principle for Points 1 
to 8 must be miniturization of the volume and minimwnization 


of the weights of tre regenerating and recycling equipment. 
4. The day-nisht cycle needs a naw experimental approach 


to determine the bast pattern which mests both the space situ- 
ation and the adaptational optimum of the human body. Studies 
of this kind cauld be carried out in caves or soundproof, and 
if possible, subterranean, buildings. 

5. What is the recretational value of sleep under thse 
conditions of weightlessness? 

6. The human body reouires a tucrough study to determine 
what mechanicms have besn developed to counteract gravity. 


Comparative studies should be carried out on animals. 
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7 A quantitative study of the distribution of the 
gravireceptors in the human body is desirable for a better 
understandinf of sensomotor behavior under the conditions of 
weightlessness. 

8. What -is the threshold for the perception of welght? 

9. Comparative studies in swimming pools are required for 
a better understanding of weightlessness in space, and eventual. 
as a method for familiarization with this state and for training 
purposes. 

10, What are the physical possibilities and physiological 
minimum requiremerits concerning artificial gravitation in case 
zero gravity could not be tolerated over a longer period of 
time. 

11. Experimental studies with artificial meteorites are 
necessary concerning their impact on a sealed cabin, 

12. Simulation of cosmic rays may save time and money to 
study their biological effect. 

13. Visual studies in the space equivalent regions of the 
atmosphere should be made as a background information for 
raconnaissance missions. 

14. We should look into the situation of hazards from 
rocket fuel, fatigue and other factors during the countdowm 


period of missiles. 
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LU. 


These are some of the points of & space research program 


that could be carried out by this School either as in-house 


projects, or on a contractual basis. To me, they seem. necessa: 
in order to achieve an optimum in comfort of the crew, a maxim 
in the efficiency of the biotecanical ecuipment, and a minimum 


of hazards in space operations. 
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he Sleep and Activity Cycle 
in the Mars International Laboratory (MIL) 


by 


Mubextus Strughold, M.D., Ph.D: 


A vitally important precondition for the health and explorator 
efficiency of the occupants of a future Mars International Laborato 
will be a proper time regulation. of sleep and activity. This sleep 
and activity rhythm is synchronized with the light and dark cycle qd 
ing the Farth's rotation period of 24 hours (circadian rhythn) duri 
which time about 7 to 9 hovrs are spent in sleep, which is required 
for energy restoration. This is an inborn or endogenous rhythm in 


body of homo sapiens terrestris and shows a certain degree of stabi 


(rhythmostasis). When it is changed by flights across time zones, 


a new time zone (1 hour per day,(Bill Douglas)). 


The experiences in astronautics (in new Earth space and on the 
Moon) during the past 10 years have contributed considerably to our 
knowlédge of the nature and behavior of man's body ‘clock, which can 


defined’ as a psychoneurohormonal system. 


Turning now to Mars International Laboratory (MII.}. On Mars t 


day/night. cyclé is only 37 minutés longer than that on Barth. 


the dark/light cycle offers a Zeitgeber sequence for entraining sle 
and wakefulness which is very familiar to terrestrial visitors. Ir 
this connection I would like to mention an intéresting er somewhat 
amazing point. As has béen found récently in sleep laboratories, { 
Aschoff) the circadian rhythm of man under constant light or dark 

conditions with no contact with the outside, is not exactly 24 hour 
but about 24 1/2 hours. ‘this is indeed more in line with the 24 he 
and 37 min. day/night cycle on Mays. In seience fiction this might 
explained that our ancestors have. been the green Martians. and that 
inherited the circadian rhythm of their body clock. But actually a 
ing to some sleep researchers the gravitational effect of the Moon 
be responsible for it. But it might also be that the rotation of t 
Earth ‘some 20,000 years ago has been somewhat slower. Be that as i 
may the red planet poses no circadian cycle problems for terrestria 
visitors; furthermore, after insertion of the Marsship into a circu 


n orbit 


rhythm with the time zone of the selected landing place. 


How good might be the sieep on Mars? This question has to do 


gravity. Under the terrestrial gravity of 1G people change their - 


tions slightly about 15 times during an § houx sleep, which prevent 
compression anemia of the same skin areas. ‘the visitors on Mars wi 
a gravity of 0,38 G might show fewet of these occasionally sicep- 
interrupting bedy movements which could be recorded by means of a 


hypnogxaph or actograph. 
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Furthermore, during sleep the parasympathicus is dominant whic 
siows down a number of vegetative body functions, Interestingly, 
according to Parin and Gazenko, the same is the casa during the sta 
of weightlessness. This coincidence speaks for a better Sleep duri 
weightlessness. Due to the Lower gravitational milieu on Mars we m 
also, at loast to a minor degree, expect a good and sound sleep in 


MIL, may be better than on Earth. 


To be presented at the MTL Panel meeting 
during the Congress of the International 
Academy of Astronautics 
in Baku, USSR 


From 7-13 October 1973 


i 
! 
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SPACE EQUIVALENCE WITHIN EARTH'S ATMOSPHERES 
BY HUBERTUS STRUGHOLD, M.D., PH D. 
Sat ter Tse aan 
Randolph Air Force Base, Texas 
For the first fifty years of its existence, humn flight has been confined 
to the Earth's atmosphere, With the invention of the rocket, however, an engine 
that, # based on Newton's lew of action and reaction y does not need the presence 
of air es a medium of support; this earthbound restriction is graduelly losing 
ite holds in fact, the rocket, effera even the possibility of penetrating the 
vast arees beyond the atmosphere, nmely, interplanetary space, And now, space 
flight, flights to the Moon or Mars, have become favorite topics of discussion 
in publications, on the radio and on television. We do not, however, even need 
to go thet fer. There are regions that show - from the standpoint of human 
flight - the characteristics of free space and yet still belong to our atmosphere. 
These space equivalent regions of the atmosphere are today within the reach of 


the present rocket powered planes and rockets. They are, therefore, of immediate 


Portion of the atmosphere reveal a step by step transition from atmospheric 
flight to actual space flight. 

This revolutionary development in human flight calls for new concepts for a 
revision of conventional definitions, and for an extension of our aeromedical 
thinking along the lines of other scientific fields such as astronomy and astro- 
physics. The establishment of a new branch of Aviation Medicine, mmely, Space 
Medicine, was logics] outcome of this development.” 


for MIMD; to be held at USAF aM, 
Uy-15 Novenber 1955. 
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Tt is an honor and a great pleasure to discuss the medical problems involved 
in the atmospheric regions of space equivalence before this group of educators 
from the medical schools participating in the progrem of the Medical Education 
for Netional Defense. 

In order to elerify the meaning of space equivalence, we should firat know 
what true epace conditions actually are. Space is not an absolute or perfect 
vacuumy it still contains the socecalled interstellar or interplanetary matter. 
The density of this interplanetary matter 4s extremely low. She number of 
particles 46 about 1 per cn’, This ie about 200,000 times less than in the 
best vacuum technically cbtainable on earths Most of these partiches consist of 
hydrogen, a8 show in Table 1. In addition, space is criss-crossed by high 
speed particles of cosmic matter suoh as meteorites end micrometeorites. It is 
also traversed by corpuscular and electromagnetic radiation of solar and cosmic 
origin. Such are the yerticles of matter end quanta of energy in the environ= ’ 


ment of a nothing. 


of 10° por om, With dncreasing altitude it deorosses almoct exponentisllys #0 
does the air pressure. Parallel thereto, the free pathway between the particles 
dnereases. Finally, the free path becomes so large that collisions are very rare, 
allowing the particles to move freely with the velocities attained at thoir lest 
collision in elliptic, parabolic, and hyperbolic trajectories; those of elliptic 
orbits fel] back again under the pull of the earth's gravity, the others = mainly 
hydrogen and helium = escape inte spaces 

Only.#o long as collisions between particles contime to escury can the 
atmosphere be considered a material continuume The collision limit or escapt 


Level is found at about 600 miles or 1000. km above the earth's surfaces 


Page 287 


Page 3 
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Therefore, this level is the border of the atmosphere with regard to its geographic | 
material extension. ;iesiwpiner@i@lingahiettpen sisephere-entmmmmd in terns 


Aterptevrver ven whe. tls 
of Shaadssonenem, or, tho MafpameaieWl border of the atmosphere. Above this level 
we observe a kind of spray some formed by the free moving air particles. This 


fringe sone, called the exosphere, gradually thins out into the near vacuum of 
space. Such is the picture of the atmosphere in its entire vertical extension. 

Now, we can proceed to the micleus of our discussion - namely to that area 
where atmosphere and spece overlap. From the standpoint of manned flight, it 
is not the material oxtension of the atmosphere that counts, rather it is the 
cessation of the functions that the atmosphere offers for manned flight. These 
functions are manifolds but they do not terminate et the astronomical border at 
600 miles, instead, they come to an end much lower end at different altitudes, 
some even well within the stratosphere. The levels where the various etmos- 
pheric functions cease have been designated the functions] borders of the 
atmosphere. This is a very useful concept. At these functions] borders and 
above them, we encounter space-like or space equivalent conditions with regard 

“to the function in question. The tera "space equivalence” within the atmosphere 

4s perhaps even more useful in research and teaching. First, it is a broader concept. 
We can associate it with certain atmospheric levels that are identical with the 
functional barders. In addition, we can apply it to the entire atmospheric 
region above the functional borders. Further, it can be applied to conditions 
which are not confined to a specific level or region such as the sero-gravity 
state. And finally, becawe the term equivalent is found in many languages, 
it 4s well understood internationally. 

The functions of the atmosphere, by and large, can be divided into three 
principal categories: climatic functions, filter functions regarding extraterres- 
trial factors, and finally, aerodynamic functions. 
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By subdividing them mare into dated] and contrasting them with the conditions 
to. be found in spece, we arrive at the following ten points: 

4. The atmosphere contains e rather high concentration of oxygen needed for 
vespiration - im Space there is no oxygens 

2. The atmosphere exerts upon us sufficient barometric pressure to maintain 
our body fluids in the Liquid state = in Space no barometric pressure existas 

3e Up to a cartein altitude the atmosphere can be used for the pressurizee 
tion of the cabin = in the emptiness of Space no ambient air is available; 

he Inthe lower stmospheric sones we are protected from the too intensive 
commie radiation by the earth's filter function - in Space no such natural 
protection can be expesteds 

8, This same situation holds true for the ultraviolet part of the solar 
spectrumy 

6. The protective fanction of the atmosphere aleo applies to the meteorites. ; 

7. ‘In the atmosphere, light is seattered by the air molecules, producing 
permment state of darkness. 

8. The atmosphere transmits sound waves - in Space there is. no medium for 


gound propagation and for shock waves; space 4s completely silent and calm 
9%. The atmosphore provides mechanical support or lift te a moving craft ~ 
4n space no such Suppart can be expecteds 
10. ‘The atmosphere with its tightly packed molecules holde, conducts and 
transfers heat = in space, the carrier and transmitter of heat is exclusively 
solar radiations 
Now, lets exemine where these ten functions of the atmosphere cease, and whore 


the characteristics of space begins: 
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1) First, the oxygen problem. At what altitude does the atmospheric function 
of supplying us with this vital bicelement com to an end? To answer this question 
we must take a look et the airbody that is interposed between the external 
atmosphere and the milieu interior of our body, namely} the alveolar sir. 

The CO, pressure in the alvedlar air - as you Imow = emounts to from 35 to 
40 mm Hg. The alveolar water vapor exhibits a pressure af }7 mi Hg at normal 
body temperature. Their sum of 60 to 87 mm Hg is = to some extent < constent. 
For this reason ~ with increasing altitude - alveolar axygen pressure falls more 
quickly than that of the outer atmosphere. 4s soon as the total air pressure 
decreases to about 60-87 mm Age, the influx of oxygen into the alveoli from out~ 
side drops to sero = because the alveoli are already occupied by carbon dioxide 
and water vapor, both issuing from within the body itself, The air pressure 
of 87 ma Hg. corresponds to an altitude of about 50,000 feet. 

From the space medical point of view, this is a decisive point or level. 

Tt is the physiological oxygen dividing line conceming atmosphere and space. 
—__ i statenent_1 supported by the behavior of the tine of useful consciousness ___ 
after an explosive decompression within this erea of altitude. This important 
time reaches its minimus value of about 15 seconds at 50,000 feet, accarding 
to Armstrong, Clamann, Luft, and Sweensy. There is no reason to assume that 
the time of useful consciousness will change et still higher altitudes, insofar 

as oxygen as the sole cause is concerned. 

4 similer observation was made in experiments on animals with regerd to the 
duration of respiration and the survival time after explosive decompression by 
S. Gelvan and U. C. Luts. 
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From all this we can conclude that above 50,000 feet we are beyond the 
atmocpheric range that supports. res; ton. Physiologically, we have reached 
the zeroepoint in the en pressure of the abmosphery, even though physically, 
oxygen is stili found theree So fer as axygen is concerned, we encounter the 
same physiological situation as in free space. Henees it is here thet we meet 
the first of the most important functional berders of the atmesphere or space= 
equivalent levels within the atmospheres 

At thie point I would like to make @ partinent remark with regerd to 
oxycen deficiency was generally referred to as "anoxia," 


terminolesy. Formerly, 


For the pest 20 yeere the tarn “hypoxic” hes been preferred because it ip more 


to the point. However, confusion still exists in the litersture and textbooks of 


physiology and medicine. From the space medicsl point of view the term "anoxia" 


place and can be used in ita true meaning ~ no oxygen at ell. 
~ above 50,000 fect we are justified in 


nor hes a new 


“slew 90,000 feet we nay speak of hypoxia 
speaking of anoxiae 
A comparison with en oxidation process in the inorganic world might be in 


order here. This Figure shows a series of pictures on the behavior of a candle 
fleme subjected to various atmospheric pressures when reduced, in each casey by 
one tenth of an atmospheres Below 1/10th of en atmosphere, that means below an 
oxygen pressure of cbout 15 mm Hge, the candle light goes out. This ie the itwsx 
NORUWECOT tamper altitude Limit for fire within the atmesphere. 
2) Another specelike condition is encomtered at a Blightly higher altitude. 

This condition is related to the total pressure of the sir and its beering upon 
the change of state from liquid to vapore ‘ny fluid exerts a certein vapor 
pressure above its surfacé. Tits sevinue.cr setureted vapor pressure depends on 
the fluidés temperature. By heating the fluid the vapor pressure increases to 
the point where 1t finally equels the barometric pressurs ebove the fluid. 
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At this point the fluid beils. The same can be achieved in a fluid of a certain 


constant temperature by decreasing the barometric pressure down to the vapor 
pressure of tha’ fluid. The water vapor pressure of our body fluids at the 
normal body temperature of 96.6°F is 7 mm Hge, a figure already mentioned in 
the discussion of the alveolar air. We can expect therefor, that as soon as 
the barometric pressure drope to 7 mm Hge, or below, our body fluids will boil. 
Quantitative experiments on warm-blooded animals in a low pressure chamber, 
carried out as early a6 1935 > 4H. G. Armstrong, showed that they do. This 
boiling effect is first manifested by the appearance of gas bubbles in the 
superficial mucous membrane of organs such as the mouth, and on the conjunctiva 
of the eye. A little later, bubbles form in the blood, depending upon the 
verious pressures in the vascular system. The intrapleural spaces are filled 
with vapor = a phenomenon which was designated a vapothorax by F, A. Hitchcock. 
The entire skin awells in what we might eall « vapor-cmphysema, or emphysems 
vaporceum, or it may even form large blisters, bullae vaporosac, a process 
which can also be called "epidermolysis e vacuo." And there are still a mmber 
of questions open in this field of vacuum pathology. 

4n edy pressure of 17 mm Hg. is found at an altitude of 63,000 feet, above 
tiis altitude, then, we lose the vitally important protection of air pressure 
against boiling, just as we were surrounded by no atmosphere at all. Physio~ 
logically, we have reached the sero-point of air pressure even though there is 
some preasure left. This is the second functional border of the atmosphere or 
espace equivalent level. 

At this point I would again like to make a terminological remarke "Boiling" 
must be considered here in its true scientific sense. in every day life, 
boiling 4s generally referred te higher temperatures, around 212°F, and is 
identified with one of the methods of preparins food by boiling, namely, cookings 
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This includes coagulation of the proteins contained in the eclluler plesm and 
intercellular fluidse The lowest temperature at which coaguletion of proteins 
takes plase is at a temperature around 55°C. At this temperature water boils 
et a pressure of 110 m Hge or at an altitude of 45,000 fecte Below this 
pressure, or above this altitude, boiling is not associrted with protein 
coagulation. Since boiling, however, is generally associated with cooking, it 
4p not the proper term for low-pressure low-temperature vaporization of the 
body fluids as it is encountered in the altitude above 63,000 feet. A better 
term is needed, one that reflects the true nature of boiling in high altitude 
and has not such a muturmnk deterrent effect psychologically. So much for 
this terminology 

Both of the space equivelent conditions just discussed are impressive 
enough to convince us that we have entered a strange and completely novel 
enviroment. Here we foce the anoxic phase and the vapor phase of high eltitude 
effect. These two facts justify the statement that a flyer entering the region 
above 63,000 feet mst be considered from a pure physiologicel point of view in 
find in the near vacuun between the plencts. 

Indeed, physiologically, the eir pressure below the vapor pressure of the 
body fluids must be considered a vacuum, despite the fact that st the air 
pressure of 7 mm Hee, 5.7 x 1017 molecules ere still found at O°C. According 
to conventionsl definition the technical vacuum begins below 1 m Hg. At this 
pressure 1 cm? of air contains 3.5 x 10 molecules, The mmber of molecules 
dn the best vaowum cbtainsble om earth (107°) mm Hc. is of the order of 10° per/em?. 
In free interplanetary space, only 1 particle is found in 1 cm. The pressure of 
this nearly vacuum is technically not measureable. To this near vacuum of inter- 


planetary space, the air pressure belo: 47? am Hzge is physiologically equivalent, 
( 
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which means that at this pressure, physiologically the vacuum begins. 

3) Necessity of a sealed cabin. The pressurized cabin wee introduced in 
the mid-thirties es a protective measure against the effects of severely decreased 
oxygen and air pressure. In euch pressurised planes, the cebin air is derived 
from the embient atmosphere. This possibility, however, is limited. The limit 
4s reached at about 70,000 to 80,000 feet for the following reasons: 

1. Technical: The air density at this altitude is about 1/25th of that 
at sea level. Because of this low density, compression of the ambient air to 
physiological levels would require very bulky compressors, technically prohibitive. 

2. Thermodynamical: To compress this thin eir to physiological levels 
would also result in the production of intolersble heat for the occupants 
(about 400°C). 

3e Toxicological: The sone between 60,000 and 10,000 feet is enriched by 
onone. At ite peak (around 75,000 feet) the omene concentration ie about 1 part 
per million perts of weight. Compressed to normal sir pressure, the cabin's air 
may attein an 0, concentration thet is above the threshold of toxicity. 

or TFeasons, ae r r) 
air as a source of breathing air for the crew, is out of the question. We mst 
resort to a new type of cabin, the seeled cabin. 

The sealed cabin is a hermetically closed ecological system, in which the 
life sustaining components of the air must be taken along from the start. The 
oxygen consumed must be replaced from tanks. The expired carbon dioxide mst 
be removed, ‘The same is true for other physiologicelly originated gases, such 
as water vapor, methane, and hydrogen sulphide. 

Waile the altitude limit for the use of oxygen equipment lies at about 
140,000 fest, for the pressurised cabin at about 80,000 fect, the sealed cabin 
has, theoretically, no limitation on altitude whatever. It gives us the green 


light inte Space. 
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The eltitude at which a hermetic cabin becomes necessary represents another 
Space-equivalent condition, from a biolozical point of view as weli as frma 
technical one, Above thie level the cabin hat no life-sustainine contact with 
the earth's atmosphere, It is a world all its am; a little earth, a terralia, 
with its own atmosphers. It is the type of cabin that will be built into future 
spaceships. "ut it is important to keep in mind, that such a "space cabin" is 
required, even et an altitude level well wi hin the atmosphere. 

The USAF School of Aviation Medicine at Randolph Field, Texas, now has an 
experimental sealed chamber in which we can study the various bicclimtic factors 
involved and the best means to control these factors. 

The epoce equivalent conditions wiich we huve discussed so far are brought 
about by the loss of gerwino properties of the earth's atmosphere. However, 
with increasing altiitade extraterrestriczl factors enter the picture, to e greater 
extent. Finally, they create space-equivelent condition: of their om, etill 
within the atmosphere as it is astronomically defined. This group of epace equie 
valent conditions is related to the filter function of the atmosphere. 

This atmospheric function is of greatest import with regard to radiation. 
Until now, aviation medicine has had no special reasm t@ be concerned with radia- 
tion of netural source. However, just es soon as planes exceed heights where 
the radiation filter function of the atmosphere vanishes, this will change. 

We mast then reckon with radiations of cosmic and solar origin in their original 
form and intensity as they are found in the earth's orbit in interplanetary spaces 

4) Cosmic rays. Ccemic rays in their “space form" consist of up to 79 pere 
cent of protons or hydrogen nuclei ami 20 percent oi alcha particles or helium 
nuclei, Since 19:3 we have knom that the remainin: percent is composed of the 
nuclei of heavier etoms, Small in numbers, these heavy primaries are extremly 
powerful. The table of Dr. 3 » British astronomer, gives you an idea about 
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their motion energy. Based on the motion energy of the molectles of the human 
body as a unit, the motion energy of particles in the interior of the Sun it 
10,000 times higher,sihak in an A bomb, 100,000 tims higher, and that of comic 
rays about 1 biilion simes as aij. They heave, thersfae, av extremely high 
penetrating power, They heave motsbly a.teired this hich onergy by acceleration 
in magnetic fields between ine galacd.es ani interstellar cliuds. When the 
primary cosmic rays enter the etmosplere, froma certein density level on, they 
lose their originel powerful form in ionizations af aly molecules end atoms and 
in oollisions with the nuclei of atmos. This process of absorption takes place 
between 120,000 and 60,000 feet. ‘The ionization end collision products: protons, 
electrons, neutrons, mesons, and gamma rays, rein dom, sometines in showers, 
through the lower layers of the atmosphere. These secondary rays, which wore 
discovered by V_ Hess, ij0, during balloon ascents, are lese powerful than the 
Primaries but powerful enough to penetrate several hundred fect into the weter. 
fo, at sce level emi up to 60,CU0 foot wo are exposed only to these secondary 


and teritary cosmic raysy our body is iit by thess splinters of the primaries 


te these small calibric cosmic shots. fbove 120,0K Lect, however, we will 
be exposed to the more powerful basbardment of ths original primaries, Here, 
we are beyond tl» protecting shiaid of ths atmosphere, os in space, or a5 we 


would be on the moon which has a0 atmosphere. This is the fourth space equie 
valent level within the atmosphere or the first with regard to the atmospheric 
filter functions 


Page 296 


Page 12 

New, two modifications - with regard. to the occurrence of primary scopic 
rays = must be noted. One is the fact thet in the vicinity of the earths, we 
are shielded from one-half of the rays by the bulk of the earth iteelf. Because 
of this shadow effect. upon comic rays we may refer to ¢his situation as e semi- 
space equivalent condition. 

The other medificationerises from the earth's macnetic field. All parti~ 
cles below a certain magnetic rigidity are deflected end bounced back into space 
by the geoomagnetic field, if they appreach the earth in the neighborhood of 
the magnetic equatore-thst is to say, beéween 50° South latitude and 30° North. 
This band of relatively low radietion intensity, 100 degrees of latitude wide at 
the base, extends a6 fer as the orbit of the Moons So much for the localisation 
of the spece equivalent atmospheric regions concerning cos mic rayée Dre Schaefer, 
who was the first to bring the biological significance of the heavy primary into 
the focus of medical interest, will discuss them more in detail especially from 


the standpoint of biophysics. 
Of some biologics] interest also is the erytheme or sunburn producing 


these rays are sbsorbed by the osons of the atmospheres We aro, therefore, 
protected against their effects at sea level and moderate altitudes. We live in 
the shadow of ozone. The atmospheric ozone is concentrated mainly in the arsa 

of 70,000 to 10,000 feet (ozonosphere). This. means that above the U0 000 Loot 
evel wa are beyond the ozonospheric umbrelle of the atmosphere, which means that 
we are exposed to the full force of witraviolet, Again space-like conditions 
within the atmosphere with regard to this factor. They should, however, present 
no serious problem, since the hull of the ship protects the crew sufficiently; 

4+ might perhaps elter the transparency of the windows, which would in tun 
entail opticel problerse 
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5) Scattering of Light. This brings us to the visible part of the electro- 
magnetic spectrum of solar radiation. An important factor in atmospheric optics 
is the scattering of light by the air molecules. This scattering effect of the 
atmosphere produces the so-called skylights and because the short weve part of 
the visible spectrum is especially affected by thie provess, the aky appears blue 
to us. WAth increasing rarification of the air molecules in higher altitudes, 
however, scattering of light decrerses more and more end the blue sky graduelly 
turne into the mysterious darkness af space. This optical space equivalent 
condition is reached in the area of 80 miles. 

Essentially, it is the lack of scattering that makes space optics so 
different from atmospheric optics. In the lower atmosphere, during daytine, the 
stars and moon fade into invisibility in the blue diffuse skylight. In space, 
with the ebwence of skylight, the stars are visible at all times and when its 
position allows, the moon cen be seen in full brilliense with the Sun. Pecause 
of the lack of skylight, the sky brightness or luminance of the sky is about 
10 wiJlilembert as compered with 500 millilambert the average value at ses level. 
Since there in no interference with an atmosphere by absorption and scattering, 
the solar illweination in space is about 13,500 fect candles as compared with 
11,800 foot candles at sea level, This means that against a low background of 
field brightness, any object illwrinated by the sun appears extremely bright. 
Light and shadow dominate the scenery comparable to the light and shadow effects 
like those used on the stage by the mgiciean. This photescotic condition which 
is encountered in full display at about 60 mile altitude, poses interesting 
visual problems in the field of contrast vision and retinal adaptation. 
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6) Propagation of Sound. At about this same altitude, propagation of 
sound becomes impossible. Sound propagation requires a certain density of the 
aiy. But as. soon as the free pathway of air molebulies is in the order of the 
wave leugth of sound, transmission of sound ceases. First, in lower atmospheric 
Levels the higher tones exe sffected; finally, ae altitude increases, the lower 
tones also diseppesr. The region where this occurs lies between 50 to 100 miles. 
Om the basis of transmissibility of the air for sound we ean divide the atmose 
phere into three zonesy the accoustic zone from 50 to 100 miless and the anagoustic 
gone shove 100 wiles. Here the silence of space begins, In this thin atmose 
pheric medium no shock waves can be produced at any speedy therefore there is no 
sound barrier and the unit of "Mach" number becomes mosninglesés 

i) Meteorites The most spectacular of extraterrasivisl facturs are meteorites. 
Between 25 and 75 miles abeve the earth, most of these meteors are burned out by 
friction with the atmosphere. Above 75 miles £ rocket ship le beyond the "meteor 


safe wall" of the atmosphere, unprotected as in space, 


One is caused by the fact that, in the viminity of the Earth, we are shielded 


from oneshalf the meteors by the bulk of the earth itself. This situation is 
again a semi-equivalent space condition. The second variation arises fram the 
speed of the Earth. Our globe revolves around the sun at a speed of 18.6 alles 
per second. Relative to the earth, tharefore, the velocity of meteors which 
strike the earth fron the front, in a head-on collicion, is greeter than the speed 
of those which overtaks the earth from the rear. 

Be that as 4% may, the likelihood of colliding with # neteorite, fortunately, 


is remote, even outside the simosphere = according to most astronomerse 
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421 of the problems which I have smumerated so far, would arise if we 


considerg a vehicle in this environment at rest or floating - if this were possible. 
The respective space equivalent conditions include their modifications are more 
or less topographicelly or locally fixed at certain altitude levels, conditioned 
vy the milieu as such, and therefore my be called local space ecuivelent conditions. 
One ‘mportant space condition cccurs within the atmosphere, however, as ¢ 
direct racult of the vehicle's om movement. Thir is the phenomenon of weight~ 
lessnece, or the pravi'y-free state, a problem about which most confusion is 
found, as expressed in the question, where do we leeve the gravitational field of 
the earth and whens the answer is nowhere ani nevers 
It is true that the force of gravity decreases with the inverse square of the 
distance from the earth's center. At 2 height of 4,00 miles above the earth's 
surface, or twice the eartii's radius from the earth's center, It is only 2/kth of 
what it ts on the grounds ct 8,000 niles it io oly 1/?th, and £0 one Ata 
distance of 36,000 miles ‘t is reduced to = mere 1/100. The near gravity=free 
state at this eltitude is indeed a local condition, but it could only be velid 
‘or & Supper « for @, one on a r 36, s above 
one of the earth's poles = if such a thing were conceivable. 
With a vehicla in flight, however, the situation is quite different. Sube 
gravity and sero gravity can be produced at any height. The effect is produced 
by the motion of the vehicle i‘self. 
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fhe solution of the medical problems involves physiology, biophysics; bice 
chemistry, and various specialties of medicine. Some of the problems ere old, 
but they appear in a new Lights others, however, are completely novel. In the 
leetures on physiology end biophysies specie] emphasis mist be given to the 
extremes in decreased oxygen pressure ani air prersure and t. the climatization 
of 2 closed ecclegical system, ‘In the biochemistry of the human body, the 
atomic composition rather than the molecular composition is of special interest, 
concerning the possible star production by cosmic ray particles. Soler energys 
dts live sustaining and Life endangering properties, hus moved into the focus 
of our attention. With the occurrence of the gravity free state, tho geometry 
of conies or conic sections such as circular, elipiid and parabolic sections 
enters the picture of the phyeiohogy of movement. For the first tine experience 
in prachice that masc is.a constunt intxinsie proparty of 4 material body, in 
contrest to weight and inertie which ~ depending upon an external force, namely 


acecleration » are cxtrineie properties of a materiel body. Tho function of the 


to the veber-Fechners law. The function of the peripherel graviereceptors Like 


those of the pressure sense of skin, the muscle spinoles end the Pacinian 
corpuscles in the connective tissue under various gravitational conditions ia a 
problem that should interest the physiologist and anatomist ulike. These sre 
only some of the subject matters, that demand more spacs on the lecture programe 
et the Acdiccl Schoolss 

After whe war some people thought Aviation Medicine was only a matter of 
routines thet there wes nothin: new for rescarch and teaching. However, the 
rocket has opened a new frontier, now reaching far into the upper atmospheres 
Tt has also opened e new frontier in medical sciences The advancement that will 
be made on this frontier will determine the progress on the other. The space ( 


= 
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equivalent phase of human flight is only the foreground of this vertical frontiers 
The medical problems involved, however, are basically the same as in all further 
stages of human flight. This fact accertuetes the importance of the siudy of the 
medical implications in space equivalent flights, 

The main characteristic features of this stare of human flight are: the 
Space equivalent sones af the atmosphere, a sealed cabin, supersonic and even 
hypersonic speed, flicht by prepulsion and flight by inertia, airplane status of 
the vehicle and also projectile status and finally, high accelerations, subgravity 
and sero gravity. , 

Jn order to complete the pictures 1 would Like tc conclude with a few remarks 
about the possible development of huren flight beyoh4 the epece squivalent level. 
This development will be determined, weirly, >y the speed that will ve attedinec. 
As previously mentioned, at 5 mps or 18,000 mph the so-called orbitel or circular 

1 velocity is reached: the speed which will enable ¢ creft to circle around the 
earth in a fixed circular orbit for a consi derble Length of time. In this stage, 
Se E  Propalaton fs completely replaoed by fant by inartie Thing cower, 
is not possible below the astronautéeal border of 120 miles. Above this border, 
however, the vehicle attains satellite status. As Jong as these orbits do not 
lie beyond 600 miles, they still remein under the srece equivalent conditions of 
the atmosphere. But in this psoudortmosphere, a& we hove chose to cali ity the 
conditions ere prectically the same at in free Space, /nd tlw veicle MD still 
remein under the srevitetional control of the esrth end opurale within ine sarth 
Vicinity. This eventuel stage may be ‘called cireumplanstary or more specifically 
ircumterrestrial space flicht. The small ertificiel satellite, inat will be 
launched in 1957 or 1958, as announced recently, is the first step in this direction. 

When a speed of 7 ups or 25,00C mph, the so-calied escape velocity is 

reached, the vehicle will break away from the gravitational control of the earth 
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and will, escape into interplanetary spece. With this final stage we will heve: 
arrived at interplenetary space flight or what can then be called - interplanetary 
space travel. 

Sb present, es this figure shows, with a tuo stage recket, the Wac Corporal 
mounted on @. Ve2, we have reached 30 percent of the orbital velocity and 20 per= 
eent of the escape velocity, 4 three stage rocket may bring in the remaining 
percent. 

This step by step approach to the possibilitiss of rocket. powered flight by 
human beings is perhaps more stimulating, end more fruitful for research and 
developmont, than the all. or nothing attitude displayed by those who gaze constantly 
upon remote celestial bodies like the Moon or Mars in 9 kind of spece~fascinstions 
The paycholorical power of ettraction of these objects es the finel geal, hovevery 
must not be underestimated, They are indeed a valuable background stimulus for 
our efforts towerd the advancement of human flight. 

This classification gives us, I believe, a clearly defined and realistic 
picture of the stage at which we stand today and of the possibilities we may expect 
nemely, global space equivalent flight. Solution of the medical problems in this 
stage in, therefore, of imnediate concern to the physiologist, the gn engines, 


and tha flysre 
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Ladies ani Gentlemen: If a man - who hed lived som hundred 
years ago ~ vere to return to life agein tolay ami glance at the 
title of this aymposium, "Simileted Atmospheres anf Poreign Environ- 
ments in Space Operetions," he probably would think thet he bod 
gotten on the wrong planet ani might immediately disappear again 
to Lis suyernsturel envirament. In fect, our coougation vith 
Simulate] atucsyheres per ee indicates the revolutionary newness 
in certain developaents ve are nov facing. The coming penetration 

Of the extra-atacepheric regions of the vacum of space mins the = = = 
stuly of aynthetic similated etmosyheres in « closed aysten urgent. 
Moreover, the possibility of an eventual approsch to other celestial 


a 


‘“*avisor for Research, Air University, School of Aviation 
Medicine, USAF, Randolyh Air Force Base, Tams. 
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bodies in the not too distant future requires a careful examination 
of the ecological qualities of their ctmosphares in advance, ani 
of course par distance. 

Beginning with the first of these objectives, the piysics of 
ow natural atmosphere and ite biological functions are imown to 
as. But vhet is not generally realized is the fect that our atmos- 
phares <- with respect te the life supparting eleuents -- reyresents 
© closed ecological system om a gigamtic scale, It is sealed off 
fron the eurrouvling vecuun of apace by the earth's gravitation 
ottraction, Only lighter elenents such as hydrogen and helium, 
if they reach the critica) Mdnetic energy level, can escape into 
space. In fact, the high lealnge rate covering these latter clensnte 
is respmstble for the shift of the chemical composition froa the 
Lighter protortacsphere daninated vy Lytrogan emi ydrogen con- 
pounda, which existed some two billion years ago, to the heavier 
present day at-~oophere in which the eleusnts nitrogen ani oygen 

———fernil, Ou jlanet Herve” with ite grevitatioolly emlel off = == 
etuoephere is a giant Synce Ship vith 2.8 billion occupants revolv- 
ing with an orbital velocity of 18.6 miles par secont arounl the 
Sun. And vhet we aust do, if we leave this mother syace ship, is 
te similete in a closed compartesnt ol] the life-supporting ani life- 
protecting atmospheric functions insofar as this is possible. In 
other vords, we aust create for the tvo or three space trevelers 
@ little earth - a terrella - vhich of course has no grevity of 
its am. Such mme4 sealed gomiolas vith simiated atucspiere 
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have been flown high inte the space equivalent regions of the 
atmosphere in balloons, ani rockets have carrie! animls in 
climtised conmpartaents still higher and even in an orbit. 

Im such closed ecological aystems, insofar as the gaseous 
components are concerned, ve are interested in the most suitable 
eir pressure end chenical composition, in the leaimge rate, 
teuperature, ani hunidity control. 

Expressed in the language of ecology ani logistics, it is 
the goal in the clinmmtisation of the cabin to attain a mximn 
in efficiency of the air regenereting devices, a minimum of their 
Voluse ani veight, ami en optimum in the wellbeing of the crew. 
laboratory exporinente, of course, heve to pave the vay for actul 
Gyace operations. Such stulies are carried out in Syace Cabin 
simulators, Fortumetely, we can also resort to the long experience 
with simulated ataospheres which have been mde in subuerines. All 

he tecuneet tour Panett tte et 
Of course, also inclule the climtisetion of the pressure suit. 

In space flights lasting days an veels, and even sam months, 
vhysioal and chemical methods will be the means for the regenemtion 
of the cabin’s air. And cur panel discussion will be confined to 
this type of regeneration. Por space flintt of longer durations, 
Of course, biological means of the photosynthetic typs, either 
naturel or artificial, will have to replace the physical ones. 
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Another important topic in space medicine, ar bicastronsutics, 
io that of foreign enviroments; 1.e., enviroments on other 
celestial boiies. There are two iinis of environwnts on the 
eelectial bodies in our planetary ayrten: non-atmospheric environ- 
mnts, and etucsyberic enviraamts. fhe first kind is foi on: 
our "oon ani on the planet Mercury. All other environments incluic 
ateaosgheres. We can differentiate between tvo basic types of 
a@taompheres in our solar planetary system. First, hydrogen ani 
nydrogen compounds, such as Methane and Amaia, contain atavsjieres. 
These reducing and reduced atucepheres are foun! on the outer planets; 
ieee, from Jupiter to Pluto. This wac also the chenion1 caqwoottion 
of the primo iinl etwosgheres of all our planste sos 2) billion 
years ago. But on the plancts neer the sm, these so-callel proto- 
etucagheres doninatel by hydrogen, due to the effect of solar ultre- 
violet padintion, in the course of many millions of years have been 
transforaxi into oxygen ani/or oxyypn cowpouste containing etacspheres. 
In cther vards, in aciizing aml oxcidisel utsocptures are fowrl in 
throe varleties: 

1. The atwosphere op earth - a dense acidized utmosplere 

with a high content of free acygmy 

2. The Venusian variety - « dense oxidined atwsyphere with non- 

@ only omll anounts of free aggen, oni 

Se The Martian variety - a thin, oxidized atacuphere also vith 

only treces of free oxygen. 
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Both of these planets have a high planetary leakage rete ani 
eve lost their aggen by escape into syace, Venus due to its high 
temperature, ani Mars due to its low gravitational force! 

Mow cpace operations in the foresecseble future will probably 
be confined to whet we might eal) the oxyren belt of planetary 
atmospheres, The stmospheric Iytrogen belt fron Jupiter ani beyont 
may be, perhaps, « goal of astronnutics in the remote future. The 
Moon, Mors, ant Venus, therefore, attract our inmediste interest. 

‘ qum on the Moon is, of course, a mn in e vacum ani requires 
respective protective mesures. On the lovlanis of Mars, such ax 
in the area Trivium Charontis, where the str pressure my be sow- 
viet higher tinn the evernge 70 =illiseter value, ogpen emipwt 
with or without pressure treetiing my suffice for the periods when 
the astronsut is outetie the sealed cornyartemt of his chip. 

Comarning the possibility of indigenous life on Mars, o nw 
experiemitel approach has been mle by exumining the behevior of 

~~ taerestrial sicroargenians uvier gimilabel atuonpheric Martian ca= = = 
ditions in swell Mare chusbers. Such expsriemts will be extenled 
waler simmieted ateospharic Vermsian coniitions in Venw chewbers. 
All these stulies with simdated foreign enviroments are, of cowse, 
of greatest interest, not oly fre: the stentpoint of astrobiolery, 
but ulso from the stemipoint of general biology emi philosophy. 

I would 1m te comlule ay introductory remrks with the quee- 
tion: “Awe there foreign emrirorwnts, or approximtions to then, 
on our Barth?” 
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There are the dangerous "fire daups” occasionally four in 
coal mines which consist of Methane (30 to 90f), Bitrogen (4 to 
506), Carbon Dicxide (2 to 10%) ami Oxygen (0 to 2.5f). Such 0 
couposition shove festures of Jupiter's atmoayhere ani those of 
the atmosphere of Venus. 

The so-called soil etacsyhere, foul in the pores of the 
soil, shows a lover concentration of cxygen ani a higher concen- 
tration of carbon diccife. This is a tremi to the Venusian air. 
Tt also shove an enrichment in Methane and Ammonia. These chemical 
constituents give the soil air, a protostansyheric ani Jupiter 
flavor. Greatly responsible for the chexical constitution of 
this uicro-climte are sicroorganis=s. 

fod, finally, ve fini a type of atmosphere resenbling that of 
Venus in voleanie fumroles, viich are little craters, vhere carbon 
@ioxide ine escaped fron the interior of the carth ani has dis- 

——__________pllacet the ate on the grount, because of ite besvier veight. Guek __ 

places are the Grotto del Cane at Pussuoli near Naples, the Moffetten 

{vente in the last stages of volconic activity) on the eastern shore 

of lake Lasch in the Rhineland, ani the Death Valley on the Dieng 
Plateau in Java. Som lower places in this valley are barred to 

anim life on scoount of their carbon diccide enrichment of the 

air. Bodies of birds ani mice are sometimes foun! in these areas; 

they died vhen they ventured inte this toxic air, This shows that 

we bave on earth places vith an atwoepheric enviroment vhich hes 

@ touch of Venus! 
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THE GRAVITATIONAL ENVIRONMENT IN SPACE 
By 
Hubertus Strughold, M.D,, Ph, D* 
and 
Oskar L. Ritter, Ph, D,** 

The gravitational situation in space is usually represented om the 
basis ofthe concept of the gravitational field, This concept is indiapen- 
sable for the description of the mutual attraction of two or more 
celestial bodies, of perturbations of orbits, of tidal effects such as ebb 
and flood, and many other phenomena because it can be formulated mathe- 

“matically In a quite general manner, It is and always will be the gravi- SSS 
tational concept par excellence in astronomy, geophysics, and alse in 
the fast developing field of astronautics, 

The gravitational field concept is, however, a rather quantitative 
concept. It does not easily lend itself to a representation of the character- 
istic qualitative features of a system of gravitating bodies, Yet such a 

’ representation would be desirable for'some purposes of astronautics. 
*Professor of Space Medicine, Advisor for Research, School of 
Aviation Medicine, Randolph Air Force Base, Texas, 


**Associate Professor of Physics, Department of Radiobiology, 
*: School of Aviation Medicine, Randolph Air Force Base, Texas, 
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In the literature, the concept of the gravitational pit or crater (1) 
has come into use for the purpose of illustrating the energy required for 
a rocket or space vehicle to reach a certain orbital altitude, or to escape 
from the earth's gravity into that of the moon or into interplanetary space, 

Another concept that may have its merits in astronautics is that 
of the space of gravitational influence of an astronomical body, or more 
precisely, the sphere of significant gravitational influence, This is the 
subject matter of this paper, For the sake of brevity, we shall use the 
term "'gravisphere" which has recently been suggested for this spatial 
region (2), 

The word is coined in analogy to atmosphere. In the same manner 
as, at higher and higher altitudes, the atmosphere thins out more and 
more, and without a sharp boundary finally passes over into the nearly 
perfect vacuum of interplanetary space - so, in the gravisphere, the 


gravitational attraction decreases from the intensity it has at the surface 


of the celestial body to very low values at large distances where even- 


tually the gravitational influence of other bodies - for instance the sun - 


becomes prevalent. A major difference in the characteristics of the 
gravisphere and the atmosphere is that the thickness of the earth's 
atmosphere amounts to a small fraction of the earth's radius, whereas 


4 the gravisphere extends to about a thousand earth's radii. 
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The usefulness of the concept of the sphere of significant gravita- 
tional influence lies in the fact that it refers more directly to the spatial 
extension of the gravitational control of a celestial body over another 
body or a space vehicle. The gravisphere is that part of space around 
an astronomical bor; in which its gravitational attraction is either pre- 
dominant or strczy enough to exert a marked influence on the motions 
of other bodies. It covers the spatial extension of satellite flight and 
an important part of such space operations as require escape velocity. 
It might even be useful for a dynamographic subdivision of the space in 
our solar system. 

In the following we wish to describe the gravitational situation 
in space based on the concept of the sphere of significant gravitational 
attraction, introduce some subdivisions of the gravisphere, and discuss 
a peculiar error frequently encountered in the astronautical literature. 

Let us begin with the subdivisions. We should like to distinguish 
an inner and an outer part of the gravisphere. In the inner gravisphere, 
the gravitational attraction of the pertinent celestial body, for instance 
a planet, is not only noticeable but predominant. By predominant we 
mean that the attraction is strong enough to hold another body captive, 
in a permanent orbit. This inner part of the gravisphere may there- 


fore be called the satellite ere. In the satellite sphere of a planet, 
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the gravitational attraction is sufficient to overcome the disturbances 
caused by other celestial bodies, especially the sun. In the outer 
gravisphere, the attraction can no longer hold another body in a stable 
orbit but is still strong enough to cause significant deformation of its 
trajectory. Just o ‘side the boundary between the inner and outer 
gravisphere, the deformation may amount to a bending of the trajectory 
through an angle approximating 180°. Further out, the disturbations 
tend to decrease, but at all distances they depend also on the velocity 
of the secondary body. This fringe zone of the gravisphere we might 
call the gravipause, in analogy to the aeropause. The gravisphere 
ends where, for practical purposes, the influence on the trajectory 

of the other body becomes negligible. 


Where is the "gravitational divide," the boundary between 


the inner and outer gravisphere? To answer this question we have 
to discuss certain points located in the space between celestial 
bodies, which are characterized by special properties. Here is 
where the mentioned error comes in. 

In astronautical discussions concerning navigation we frequently 
find mentioned a "neutral point" or "abaric point. " This point is 
defined as the point of gravitational equilibrium between the earth 


and the moon, i.e., the point where the gravitational attraction of the | 
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moon equals that of the earth. For the purposes of this discussion, we 
may call it the equigravic point. Because the two attractions are oppo- 
site in direction, we can say that the vectorial sum of the gravitational 
forces is zero at this point. Another equigravic point lies between the 

earth and the sun. 

But this is 2n example of a purely theoretical construction with- 
out any practical significance. It would not be possible to place a body 
such as a space ship at an equigravic point and expect it to stay there 
for any length of time. The reason is that the two gravitational attrac- 
tions are not the only forces involved. A third force that cannot be 
neglected is the centrifugal force resulting from the revolving motion 
of the secondary around the primary celestial body - for instance, the 
moon around the earth. That this force is a major factor in the picture 

—————oF the -grevitations! situation -in-space can easily be seen. 

For instance, in the moon's orbit, it compensates the gravita- 
tional attraction of the earth exactly. This is the prerequisite for the 
stability of the moon's orbit. The equigravic point is located at 38,000 
km from the moon's center, or at 1/10 of the distance from the meon to 
the earth. Obviously, the centrifugal force at this point still amounts 
to 90% of each of the balanced gravitational forces. A ship, initially at 
rest at this point, would therefore immediately begin to move toward 


the moon. 
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If we calculate the equigravic point between earth and sun, we 
find it to be ata distance of 260,000 km from the earth. As the moon 
is nearly one and one-half times as far from the earth, it could not 
possibly stay in orbit. 

This shows that a neutral point, if calculated by considering 
the gravitational forces only - which we called an equigravic point - 
is of little interest except as a mathematical exercise. 

Now, it is possible to define not only one but several true 
neutral points (3) to express the balance of all forces, by taking into 
account the two gravitational attractions and the centrifugal force. 
We might call them equidynamic points. In astronomy they are 
called Lagrangean points (3). These points are still somewhat 
theoretical in nature since their definition neglects a number of other 

— forces which, for various practical purposes, may or may nat be 
important. However, all of these forces are much weaker and play 
a role only in considering questions of long-time stability. As the 
equilibrium in a neutral point - in most cases - is of the unstable. 
kind, we'can safely neglect these forces for our purposes. 

Our goal was to find the boundary between the inner and outer 

gravisphere. The region within this boundary we called the satellite 


sphere. Insofar as it is that region around a celestial body in which 
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satellites can exist, we might call it tne tctential satellite sphere. As 
we shall see, the actual satellite sphere of «!! planets in our solar system 
is only a fraction of the'r ;otential satelite sphere, at least insofar as 
large satellites are .» sidered. Only these are known to us, but there 
may be a multitud: © smaller pieces of matter that escape our detection, 
Some of these m resolve close to the boundaries of their planet's 
potential sateliite sphere. 

A precise calculation of the potential satellite sphere is some- 
what complicated, and it w*!) be con enient to s'mplify matters further. 
To this end we define the nominal satellite sphere of a planet as a 
sphere determined by and enclosed w'thin two Lagrangean points: the 
one between the planet and the sun. the other located away from the 


sun. Both of these neutral points lie on the radius from the sun through 


Pp > an : Volve arou e sun Ww € e angular 
velocity as the planet. In their calculation, the centrifuga! force arising 
from the revolution is considered in addition to the two gravitational 
forces. The interplay between the three forces is as follows: at the 
inner Lagrangean point, the planet's attraction and the centrifugal 
force pull the satellite away from the sun, their sum is counterbalanced 
by the sun's attraction. At the outer Lagrangean point, both the sun's 
and the piénet’s attraction pull the satellite toward the sun; their sum 


is equilibrated by the centrifugal force. 
™ 
he 
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These two points do have physics! significance (4). A body placed 
at any one of these Lagran :esn points would stay there for some length 
of time. Finally, howe ©. it would move away since, as mentioned 
before, the equilibr > in these neutral points is unstable. 

The distan ine (wo points [rom the planet is not the same. 
The one locate’ say from the sun is farther from the planet. Usually, 
the difference is not large but it may amount to several per cent. 

The distance from the planet of these Lagrangean points is 
always considerably larger than the distance of the first mentioned 
“neutral point” calculated from the gravitational balance alone. For 
the earth, the difference is striking, The distances are 260,000 km 
and 1,500,000 km, This is nearly a factor of six. The reason for 
the disparity \s easy to see: with the largest part of the sun's gravi- 
tational attraction counterbalance by the centrifugal force, the 
planet's attraction predominates over a much larger distance. 

We have defined the nominal! satellite sphere as enclosed be- 
tween these Lagrangean points. In so doing, it should be kept in mind 
that several simplifying assumptions have been made and that, there- 
fore, the nominal satellite sphere does not precisely coincide with the 


potential satellite sphere, Furthermore, none of these "spheres" is 
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precisely spherical in the geometrical sense. However, these differ- 
ences are small and we sho!! disregard them in the following. 

It may be appropr te here to mention another limitation. The 
potential satellite sp) re has not only an outer but also an inner bound- 
ary, atleast inso | «5 satural satellites are concerned. As the 
French astron «rs Roche has shown in 1850, there is a minimal dis- 
tance for the stability of a satellite, Jt amounts to 2.4 planetary radii, 
If a satellite approaches closer than this limit it is disrupted by tidal 
stresses resulting from the inhomogeneity of the gravitational and 
centrifugal fields. The derivation is based on the assumption that 
the satellite exceeds a certain minimal size and has little inherent 
structural strength. This is the reason why the cosmic matter in the 


immediate vicinity of Saturn as manifested by its ring, could not 


form a moon. Of course, Roche's limit does not apply to relatively 


small and rigidly built space craft. 

In the same manner as for the planets it is possible to deter- 
mine the nominal satellite spheres of the moons of the solar system 
(as long as their mass is known). In the calculations, the planet then 
takes the place of the sun and the moon that of the planet. The im- 
portant centrifugal force is that arising from the revolution of the 


: moon around its planet. The gravitational attraction of the sun and 
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the centrifugal force from the re. c..tor of tne planet around the sun 
can be neglected for most purposes, as their sum is fairly clese to 
zero throughout the rel» ely small satellite sphere of 2 moon. 

Numerical val «s for the planets and for some of the moons of 
the solar system. , en in the following table. It also shows addi- 
tional data that o:y help te round out the picture. 

In column 4 are listed the distances of the neutral points, which 
define the nominal satellite sphere. Cis means. in case of planets, on 
this side as seen from the sun; and trans, beyond. In case of moons it 
indicates the position of the neutra! points as seen from the pertinent 
planets. The values show clearly that the potential satellite spheres 
of the planets grow with the distance from the sun, which is given in 
column 2, and also that they depend on the mass of the planet. For the 
outer planets they are rather large. For Jupiter, Saturn, and Uranus, 
the radii of the potential satellite spheres are equal to or larger than 
the distance of Mercury from the sun. Neptune's satellite-holding power 
reaches out farther than the distance from the sun of Venus. On the 
other hand, the satellite sphere of Ganimedes, the most massive moon 
in the solar system, is only 1/7th of that of the smallest planet, Mercury, 


in spite of the fact that its mass is nearly 1/2. 
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Column 5 gives the size of the satellite sphere expressed in 
percents of the distance to the orbit of the nearest planet, which is 
listed in column 3. It is seen that the potential satellite spheres of 
all planets are small compared to the distances between planets. For 
the inner planets, the ratio is of the order of 1% and even for the 
massive outer planets it nowhere exceeds 10%. In this regard, some 
of the moons do better. Especially the moons of Saturn are rather 
closely packed. Thus, the radius of Titan's satellite sphere amounts 
to 20% of the distance between the orbits of Titan and Hyperion. 

Column 6 then shows the actual satellite sphere by indicating 
the distance of the farthest known satellite of each planet. Finally, 
column 7 presents the fraction of the potential satellite sphere taken 


up by the known satellites. Here, the prize goes to Jupiter whose 


one-half of the possible maximum. 


Let us go thragh the table again and read the values for the 
earth and the moon. The radius of the potential satellite sphere of 
the earth amounts to approximately 1.5 million km. This no more 
then 3.6% of the 41 million km orbital distance to Venus, and only 
1.9% of the 78 million km to Mars. The distance of the moon from 


the earth is 384,000 km. Thus, the radius of the actual satellite 
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sphere of the earth is only 26% of that of its potential satellite sphere. 
The radius of the moon's potential satellite sphere is approximately 
60,000 km, or less than 1/6th of its distance from the earth. 

After considering the natural members of our solar system, 
let us take a comparative look at two cases of man-made celestial 
bodies. In the same manner as with planets and moons, one can 
determine the satellite sphere of a space ship or an orbiting space 
station. This may be of some slight interest with regard to men 
working in space suits outside the vehicle. 

For a space ship with a mass of 100 tons, at the same distance 
from the sun as the earth but outside the gravisphere of the earth, 
the radius of the satellite sphere is 380 meters. This sounds im- 
pressive for such a small body. It should be kept in mind, though, 

esc velocity - from a po ust ow = 

amounts to only a few mm/sec. The existence of such a satellite 
sphere will therefore certainly not obviate the necessity of using 
life lines or other appropriate means to secure the men outside the _ 
ship. 

For a space station, at an altitude of a few hundred kilometers 

- and with the same mass of 100 tons, there is no satellite sphere at all. 


Even under the unrealistic assumption that the whole mass of the 
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station is concentrated in « point the res. Iting radius would be only 
3.1/2 feet. The reason for the large disparity in size of the satellite 
spheres of two bodies with the same mass lies in the much more rapid 
variation of the gravitational field near the earth. 

The qualitative consideration of the gravitational situation in 
space in terms of the gravisphere. «s we have attempted it in the fore- 
going discussion, leads us to a kind of dynamographic subdivision of 
space. Beginning with the region above the earth's atmosphere, we 
find ourselves in the lower part of the satellite sphere determined by 
the Roche limit, which is forbidden to natural moons but allowed to 
artificial satellites. It is followed by the actual satellite sphere which 
is defined by the orbit of the moon (384,000 km). The potential satel- 


lite sphere of the earth extends to 11/2 million km or about four times 


as far. This inner gravisphere is surrounded by a fringe zone, the 
gravipause, in which the earth's gravity is no ‘onger strong enough to 
hold a body in an orbit, but is still influential as the cause of disturba- 
tions. The other gravisphere ends at a distance several times larger 
than the potential satellite sphere, or about 15 times larger than the 
distance of the moon. The gulf to the nearest planets is 10 times 


larger than the earth's gravisphere. 


Page 3: 


Strughold and Ritter - 14 


Such a dynamographic subdivision of space may be useful for 
a qualitative classification of satellite operations, lunar and inter- 
planetary probes. It emphasizes that, with regard to space vehicles 
as well as natural and artificial satellites, the gravitational force 
of an astronomical body is effective only over 4 limited distance, 
and that this distance is small compared to the distances between 


the celestial bodies. 
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Yo Life on Mars . Of 6 


In View of Earthbound and Spacebased Astronomy 

Mars, because of its reddish color, was named by the Romans acs 
teaafsregks. after their god¢ Mars $ng-Asesyeonemiey -- the symbol 
of war. But: Mars was also venerated. by the Romans as the patron god of 
nature and agriculture as the deity connected with the soil's fertility. 
This is indicated by the fact that certain ancient Roman coins showa 
picture of Mars carrying a spear and a shovel. The third month in the 
year, when sunshine Becomes longer, is dedicated to Mars. This not~ 
so~-well mythological symbolic association with a peaceful agricultural 
occupation foreshadowed, so to speak, a modern aspect of Mars asa 
state bemiorine planet --.4 concept inspired by ihe telescopic obser- 
vation of dark blue-greenish areas covering about 30% of the otherwise 


ochre-reddish Martian surface. 


Tt really started with a report by Giovannic Schiaparelli, Milano, Italy 
(1877) of his observation Of “canali® on Mars. This led Percival Lowell, 
Flagstaff, Arizona (1906) to the assumption that there were even intelligent 
beings.on that planet. This belief is no longer held, but in the decades 
that followed, particularly since the beginning of the space age, the possi~ 
bility of the existence of some kind of vegetation on Mars has been the 
subject of numerous publications and meetings; to mention only two 


specific symposiums: one of the International Marz Committee of the 


i 
| 
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Astronomical Society of the Pacific held in Flagstaff, Arizona in 1987s 
and the meetings of the recently founded Mars Intemational Laboratory 
Committee of the International Federation of Astronautics in Paris. All 
these speculations received a strong impetus by the success of the 
American instrumented planetary probes, Mariner IV, VI and Vil fly-bys 
and the orbiter ‘icine [X and the Russian Mars iT and III, and now the 
vikings, the results of which have opened new vistas, have confirmed 
older theories, and have required a revision of others. 

There are numerous pro and contra arguments concerning a Martian 
‘biosphere. In the following I shall briefly summarize them. 

The Martian Life Theories have been stimulated by and are concentrated 
upon the dark surface areas, called "Maria" or seas, and the dark spots 
called Oases, which are considered to be lowlands. Their seasonal color 
variations from dark gray in winter to bluish-green in spring, gold-yellow 
of this phenomenon. But there are some arguments about the bluish-green 
color. 

To some telescopic observers. they always appear dark gray. In this 
respect it must be emphasized that a prerequisite for the reliability of any 
astronomical color observation is a medically tested normal color bision 
of the observer. We must remember that 7% of the male population is color 
defective. 


‘The bluish-green color is also considered to pe a visual contrast phenomenon 


against the reddish surroundings. Visual contrast effects probably occur, 
especially if the areas are small, but the bluish-green coloration of the large 


areas such as the Syrtis Major which has nearly 
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the size and shape of Texas; in ali probability’ is real. mhis is also 
supported by the observation of Cl. Tombaugh, discoverer of the planet 
Pluto, who decently reported that certain areas occasionally look dark 
‘when others look green, despite the fact that both are surrounded by 
reddish areas. [ had the privilege to observe at the Flagstaff Observatory 
Mars twice, once during the time of a dust storm in 1956. The whole 
planet looked yellowish. Later during @ dust-free period, I definitely 
could recognize greenish and reddish areas, But green or not green, it 
is not decisive for life "to be or not to be" on Mars. 
3 What is really behind these bluish dark areas we do not know at the 
present time, but there are various interpretations. The Swedish scientist 
Sv. Arrhenius advanced the theory that the dark areas are selt beds of 
aried~out oceans which react to changes in atmospheric humidity, and 
SSS eg 
to McLaughlin, the dark areas are the product of volcanic activity , and 
their color changes are caused by reactions of the lava to variations in 
humidity or to intensity fluctuations in radiation. But this does not exclude 
life, because of bacteria, lichens and those ean grow on lava. Actually 


bacteria can grow on. practically any material even in oil wells and in jet 


oa, 


fuel containers as indicated by the new bacterial branch. petroleum 


bacteriology. 
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Spectroscopic studies (Kuiper and Tikhov) and comparative polarimetric 
studies (Dollfus) of the dark green areas. on Mars and of terre strial green 
plants are. also in favor of the vegetation theory. 

And, last but not least, on Mars there are eccasionally heavy dust 
storms, as was the case in 1956 and 1971. The whole planet then appears 
reddish. But several weeks later the dark areas reappear. This, re 
to H.G. Oepik, can be explained only that the dark material must have 
regenerative power, which points to vegetation. So much about the visual, 
chemical, and biological interpretation of the so-called maria. 

It would be, of course, of interest to exéfiirie the Martian surface and 
atmospheric conditions in terms of temestrial biology which is based on 
carbon as the fundamental structure atom and on water as the solvent medium. 
This is the only kind of life presently known to us. Such an analysis has 


to be based on the ecological principles of limiting factors. More in detail, 


we have to examine whether or not the fundamental biophilic chemicals, 
particularly oxygen, carbon, nitrogen, and water are present, and certain 
vitally important energies such as radiation are found there in the proper 
tolerable range and intensity. In order to qualify as a life-supporting 
environment, these physical and chemical factors must lie above the 


ecologically required minimum (law-of the minimum, J. von Liebig), and 


should not exceed the permissible maximum. The minimum and maximum 


are the so-called cardinal points on which the ecological "law of limiting 
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factors," (F.F. Blackman): is based. Beyond these two points life is still 


conceivable in a dormant state. It would find its terminus at another 


cardinal point: the uitimum, 

, Jn addition to the presence of life-supporting, biophile chemicals:and 
energies, the occurrence of toxic material must be included in an ecoen~ 
vironmental analysis. All of these basic ecological criteria refer not only 
to the conditions in the wide open surface spaces (macroenvironment) , but, 


also particularly to those found in localized places such as craters, valleys, 


pores of the soil, etc., (microenvironmen ). 


- Finally, we must also consider the ada 


ve power of life to hostile 


environmental conditions by developing life~supporting and protecting 
F mechanisms, and the influence of a biosphere upon the physico-chemical 
environment. 


———_______—_Fisithe Atmosphere 


The earlier estimations of the atmospheric pressure at ground level on 

Mars ranged from 85 to 10 millibars. The occultation experiment of Mariner 
Tv'suggests a pressure of 10 to § millibars, If we assumea barometric 
pressure of 10 millibars in the lowlands, this would be pressure equivalent 
to that of 30 km altitude in the Earth's atmosphere. 

! Microorganisms and lower plants have survived pressures in the range 
from 80 to 10 millibars and lower in simulated experiments in planetary 
environmental chambers or Mars Chambers. Certain bacteria and spores, 


particularly, are resistant even to a vacuum. 
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-««- ‘Fhe atmospheric chemicai_ composition includes carbon dioxide, nitrogen, 


argon, water vapor, arid. maces of oxygen. Formerly nitrogen was considered 
the dominant constituent. Recent evaluations put carbon dioxide into the 
scat place. 

That oxygen is practically absent in the Mertian atmosphere is. certainly 
a life-limiting but not excluding factor. It is true Og is the "element of 
life" (Lavoisier) for most Of the species of the plant ‘and animal kingdom 
and for man, because their metabolic energy rroduction is based on oxidation 
{oxybiosis). But there is also a large group of bacteria (anaerobic bacteria) 
which do not Seed; or are even sensitive to oxygen (anoxybiosis). Their 
metabolism is regulated by enzymes; they would feel at home on an anoxic 
‘Mars. Furthermore, if chloropiiyl-bearing organisms should exist on Mars, 


they could produce their own oxygen photosynthetically and might accumulate 


i i similarly as it is found in the leaves of 


terrestrial higher plants and within lichens and mosses 


One of the basic raw materials for photosynthesis is carbon dioxide. 


Jn the Earth's atrnosphere the carbon dioxide pressure is 0.3 mm Hg.; on 
Mars it might be 10 times as high. The polar ice caps are now assumed to 
be a mixture of dry ice and water ice. A higher carbon dioxide concentration 
on Mars would be of advantage for the growth of vegetation since itis known. 
that carbon dioxide in a higher pressure range up to 15 millibars increases 
photosynthetic action. But beyond 20 mith it has an inhibiting effect upon 


this process. 
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All that we have discussed so far is chemoecology. This ecological 
branch includes hydroecology -— the presence of water. Water is the 
other basic raw material for photosynthesis. Moreover, H,0 serves as 
the diluent of salt and organic substances and @s a chemical reactant in 
eetiaine metabolism; it has been the matrix medium for the origin and 
evolution of life on proto-Earth. In the Martian atmosphere water vapor. 
is éxiremely scarce. It amounts to only 1/1006ths of that of the terrestrial 
atmosphere. But in certain deserts on Earth there is. no great difference in 
this respect, and yet Botany knows of many sc~called "desert plants" which 
are able to store water in their tissue and havé developed membranes to 
prevent evaporation, All in all from the point of view of terrestrial chemo- 
ecology and hydroecology, life on Mars: should be very limited, but not 
impossible. 


2 -supporting energies, let us first consider thermal 


energy and the resulting temperature. The solar constant at the mean orbital 
1 
distance of Mars is 0.85 cal cm72 min7!, If we allow 20% for absorption 


by-the Martian atmosphere, then solar thermal irradiance at the surface of 


2 1 


Mars at noon in summer might still amount to about 0.6 cal cm™ min” 2 

Exposed to this thermal influx, the surface of Mars can reach, maximally, 

{ in the afternoon a temperature of 25°C; the dark areas are some 5°C warmer, 
During the night, before dawn, the temperature. drops to a -60°C and lower. 


The. mean temperature is about 15°C lower then on Earth. 


Pos, 
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Could life as we know it-tolerate such a broad temperature range ? 
During most of the daytime in the equatorial regions on Mars the temperature 
is ecologically adequate, The low nighttime temperatures are the critical 
eres. Active life processes in terrestrial biology cease around -10°C and 
most ecastapa do not survive. But others enter a dormant state (hibernation) x 
Moreover, there are bacteria that can survive temperatures close to absolute 

i zero. We know also that terrestrial organisms have developed mechanisms - 

to absorb more heat by pigmentation, resulting in a greater tolerance of lower 
temperatures. 

Protection against frost could, be imagined if the Martian plants were 
able to produce some kind of antifreeze such as glycerol as a metabolic 
by-produci. In fact, some of our terrestrial lichens contain erythrol, which 
belongs to the same class of chemicals as glycerol. All this would be of 


i ww temperature biology), a new subdivision of 


biology. 

But locally there might be exceptions in the form of permanent warm spots 
on-the. Martian surface similar to those found on Earth; in Alaska. There are 
no reasons why Similar perma-warm spots might not exist on Mars which 


would not have the extreme: low temperatures during the night and, therefore, 


co 


should have a higher ecological potential. 
In fact, thermoecologically, in terms of terrestrial biology, the climate 
on Mars during daytime should be no obstacle to very hardy, cold~resistant 


microorganisms and even lower plants. 
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Light is the next important ecological factor for life. But many microbes, 
can get along without it; as demonstrated by those found in caves, pores of 
the soil, underground water, and in the deep sea. Chlorophy!~bearing plants, 

; se eGieee: remuite light for the photosynthetic bulidup of organic matter. 

The minimum illuminance requirement for snotosynthesis lies around 

2,000 lux (lumen per square meter). Solar illuminance at the mean orbital 

: distance of Mars amounts to 60,000 lux. After penetration of the atmosphere 
at the surface of Mars it might still be in the erder of 30,000 to 40,000 lux. 
There should, therefore, be enough light during 5 hours daily for photosynthetic 
activity. Photoecologically, the conditions ca Mars are well within the range 
of photosynthetic requirements. 


The low density of a 10-miliibar atmosphere might not provide efiective 


protection from harmful solar ultraviolet and x-rays, it is argued; but we must 


u ce from the sun is less than half 


of that at the Earth's solar distance. Furthermore, 4 certain amount of these 
rays is certainly absorbed within the atmosphere. From biological research 
itis well known that ultraviolet rays, particularly in the range from 2500 to 
2800. Angstroem are indeed very destructive to most terrestrial microorganisms. 
For this reason these rays are used for sterilization of food and for sterilizing 
lunar and planetary landers to prevent contamination. But there are various 
degrees. of resistance to ultraviolet rays, due to: protective membranex, etc, 


Moreover, growth of certain microorganisms is even stimulated by low intensity 
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solar ultraviolet and x-rays. And, finally, it has been observed that 
microorganisms, plants, and animals are less susceptible to ionizing 
radiation under hypoxic and hypothermal conditions; this is particularly 
interesting with regard to Mars: with its oxygen-free and low temperature 
milieu. All in all, solar ultraviolet and x-radiation cannot be regarded as | 
a lfe-excluding factor on Mars, particulerly in the more protected micro- 
environments. The same should be true concerning energetic particle rays 
(cosmic rays). 

In concluding this ecological evaluation cf the Martian environment, 
r should like to. emphasize that we cannot consider. these various ecological 


factors separately; there are interrelations insofar as one factor can moderate 


the destructive 


10 
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effect of another, as in the example of radiation tolerance 
under ‘nypotheirmal and hypoxic conditions. Furthermore, @ 
biosphere, as such, can change the physico~chemical proper- 
ties of the atmosphere and of the soil, transforming the latter 
into humus, which is mineralized decayed organic matter, 
making the soil more fertile for vegetation. Considering all 
of these factors and their interrelations, plus the more moderate 
microclimate, plus the adaptive power of lifs, we must come to 
the conclusion that the prospects for life on the Martian sur- ; 
face are more in the realm of probability than of possibility. 
This conclusion is also supported by laboratory experi- 
ments in which most of the Martian environmental conditions 
‘are simulate 
not only survive but multiply and continue to grow in such Mars 
chambers. 
In summary, most of the Mars researchers are in favor of 
othe Martian Life Theory and @ non-biological interpretation of 
the color of the dark blue areas does not exclude the possibility 
of life. 


Nevertheless, after Mariner IV Mars' pictures were released 
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some doubt was raised. The most pessimistic argument referred 
to the dry, water-freé, cratered surfece. of Mars with no visible 


water erosion, appearing more “Moonlike” thar. Sarthlike. In 


this connection, I would like to discuss bric.ty a somewhat for- 


gotten theory about the water problem on Mezs, or the Martian 


hydrology. For this purpose we must take « ce¢eper look at Mars, 
namely below its surface. 

Mars is indeed generally eendldered » bea so-called 
"dried-out” planet. It has lost ‘its ancien’ oceans into space. 


But. A. Baumann, Zurich, in 1910, suggested that these oceans 


are now frozen and covered with solidified dust. Along the same 


line, H. E. Suess, 1957, Chicago, stated that "substantial 


quan’ 
volatile at the low temperature of parts of the planet .“ This 
frozen-ocean theory has been revived reeently-by V- D. Davydov, 
Moscow. He theorized that there might be a subsurface ice layer 
500 meters thick in the equatorial regions. Beneath this "frozen 
conglomerate," or “cryosphere ," water might be found even in 
the liquid state due to an increase of temperature in the interior 


of Mars. And when cracks in the ice layer occur, caused by 


13 


eed 
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Marsquakes, water may reach the surface and produce localized 
giant clouds and white streaks of fog, lasting several days, as 
have been described by P. Lowell and gE. C. Slipher. White 
spots glittering like ice have been observed in the equatorial 
regions by T. Saheki, Tokyo. More probable than quakes of 


volcanic origin, impacts by giant meteorites of asteroidal origin <— 


could be considered as causes of craters and cracks in the soil- 

covered frozen hydrosphere, or hydrocryos phere. oy . 
In this connection, an hypothesis advanced by P, A. M. 

Dirac, London, 1937, might have some significance concerning 

the mysterious canals. According to this hypothesis, the 


gravitational constant has decreased during the life of the solar 


of the Earth, causing "tension cracks" or fissures on land and at 


the bottom of the oceans, as recently described by R. H. Dicke, 
{ComelL University.) 4 and P. Jordan,‘ (Hamburg Maier) The 

E ards. 
splitting of two giant original Sapércontinents, Gondwanaland 
and Laurasia, about oné billion years ago into several secondary. 


continents, now widely separated by "continental drift" {A. 


Wegener), is attributed to this gravitational phenomenon. 
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<= It-is logical to. assume that on Mars, too, this _gravita~- 
tional decrease has caused similar effects, namely volume 
expansion and tension cracks. And meteoritic impacts should 
have prodiiced fissures of tremendous dimensions in a crust of 
different layers. This might well have been the mechanism behind 
the scene of the dark spots called oases and the dark linear mark- 
ings radiating from the dark spots over tremendous distances. 

The existence of a subsurface ice and water table on Mars 
would increase the humidity locally, i.e., in and around the 
meteoritic impact craters and fissures, making them ecologically 
more suitable for the growth of vegetation. Actually, it might be 7°? 
the soil's humidity and vegetation that make these sett eats 

- ge / 

astronomy.” 

And, last but not least, a subsurface ice layer, or hydro- 
cryosphere, on Mars would representa hidden reservoir for 
continuously replacing the small water vapor amount in its atmos~ — 
Seedy without it, all of the water molecules might have dis— 
appeared into space in the course Of millions of years (N. P. 


Barabashov). 
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16. 
Moreover, if there is a water layer below the ice layer, 
bari then in addition to the surface biosphere there could bea 


Need subsurface habitat for life. It could be imagined that the life 


of microorganisms in such an aphotic, hyperbaric, deep-sea 
environment might be based on chemosynthesis, in contrast 
to that on the Martian surface which might be based in addi- 
tion to chemosynthesis on some kind of photosynthesis. 

By the way, from the ‘point of view of Mars Medicine, 
or bioastronautics, a subsurface ice layer of hydrocryosphere 
would represent a "gold mine", so to speak, logistically for 
a manned Martian expedition. 

All of this might be termed wishful thinking on the part 

aT nunobiology and Mars Medicine; especialy Bowie Re ge 

of the close-up pictures of Mariner tv. Their initial ashen 
tion was. that the nyisible Martian surface is extremely old and 
that neither a dense atmosphere ner oceans have been present on 


the planet since the cratered surface was formed." 


But later evaluations of Mariner IV photographs considered 


“TON 


the surface of Mars to be’ only about 300 to 500 million years old, 


and led to the statement that "the crater density on Mars no longer 
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precludes. the possibility that liquid water and a denser atmos-— 
phere were présént on Mars during the first 3.5 billion years of 
its existence." (E. Anders and Y. R. Arnold). Thus, the ancient 
ocean theory might be correct after all; and it might be that some 
300 to. 500 millim. years ago Mars, after it had lost most of its 
water into space, entered a permanent ice age, and that the 
remaining frozen ocean in the course of millions of years has 
been covered with a deep layer of dust which became solidified 
and was bombarded. by numerous asteroidal meteoroids; this 
would have started at the time of the disruption of Planet X, the 
matrix planet of the asteroids, some 300 million years ago. 


This might have been the scene behind the face of Mars that we 


see today. 


icture 14 which looks like a 


big cloud casting. a shado below. ‘Lc s ould like to mehtion that 

id a 
several prominent Mars experts, such As Tombaugh and de Vaucoulers, 
ee ay in several pict ‘es linear. narhings: and oases 


\ 
which coigcide with similar ohes khown to them from telescopic / 


observations. 
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But most of what I have discussed is still ‘speculation or theoritization 
or based on laboratory experiméntation. What we need now is exploration 
onthe spot. This is now provided to us by the Vikings with their automated 
life astesting devices. They pick up and analyze soil samples and transmit 
the data back to earth. I hope we enjoy soon a kind of renaissance of 
reconnaisance of the red planet, thanks to the Vikings. Buta more detailed 
answer concerning a Martian biosphere might come from a manned. expedition. 
maybe at the end of this century. Only Martidnauts, protected by pressure 
suits, walking around outside the Mars station will be able to select many 
different surface areas and pick up and bring back samples to its research 
laboratory and later to Earth. Like the lunar astronauts they will be able to 
take a deep look at rock formations in fissures and craters which might give 
us. some information about the paleological evolution of life on Mars. If 


some day, I hope soon by the Vikings, the question of extraterrestrial life 


will be answered in a positive sense -~ this. will not be the news of the 
century, not the news of the millenium, it will be the news in the recorded 
history of mankind. Moreover, it will extend the earth-related Cenozoicum, 


i.e,, the recent geological era, into a universal spectrum -- the Gosmozoicum. 


| 
| 
| 
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Life in 2 Theoretical Zone 


Below the Surface of Mars 


If the ancient seas are frozen under a Layer of dust 


a marine biosphere may now exist in their depths. 


Hubertus Strughold 


The author is Thief Selentist and Professor of Space Medicine, Aerospace 


ieal Division, Air Force Systems Sommand, Brooks éir Force Base, Texas. 
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Ever since the announcement by Schiaparelli in 1877 that he bad observed 
straight lines which ‘he termed canali (channels) in geometrical patterns on 
the surface of Mars, astronomers and biologists have searched for evidence of 
life on that planet. According to cur present knowledge of environmental 
conditions on the larger bodies in the Solar System, Mars appears to offer 
the best promise of finding an indigenous biology elsewhere than on the 
Harth (1). 

Recent hypotheses have concentrated on the dark, blue-green areas which 
comprise about 25 percent cf the Martian surface. Occurring mainly in the 
lowland regions known as maria, or "seas," these areas show marked seasonal 
variations in color. For that reason, many investigators have concluded 
that. they represent some type of vegetation. The principal objection to 
this belief is founded on the question whether Mars provides. water in suffi- 
ecient quantity and distribution to support a well developed plant cover. 

Lowell established the prevailing picture cf Mars as a nearly desiccated 
planet (2). He corisidered that the maria are the dry beds of former oceans, 
from which the water evaporated and was lost into space, because of the low 
gravitational attraction of Mars. Kuiper (3) and others have determined 
that a small amount of water vapor remains in the atmosphere. It is estima- 
ted at 1 percent of the water vapor in the Earth's atmosphere, or less. 

Some of this vapor condenses periodically around the poles, forming. thin 
deposits of ice or snow. 

Lowell thought. that. the canali were bands of vegetation, following 


artificial canals. He believed that the canals had. been constructed by 


intelligent beings at some time in the past, to carry water over the planet 
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from the. polar caps as they melted in the spring. This: opinion is no longer 
held. There is substantial doubt as to the existence of the canali, and 
whether, if they do exist, they are as geometrical in plan as Lowell saw 
them, 

The accepted view continues to be that Mars is extremely arid, although 
4t may retain enough water to support a very hardy and perhaps primitive 
species of plant life. However, some observational evidence has been found 


to suggest an alternative model of the hydrographic situation on Mars. 


i 
| 
| 
i 
i 
} 
1 
| 
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White Spots 


As long ago as 1879, Schiaparelli referred to brilliant white spots 
resembling ice fields on the surface of Mars, in areas far removed from the 
polar caps, Lowell described this phenomenon in a lengthy discussion (4) 
which may be summarized by the following excerpts: 

"In addition to the polar caps . . . other white spots may from time to 
time be seen upon the disk. . . . They sparkle on occasion in like manner 
with the sheen of ice. . .. Their duration is reckoned by weeks and even 
months. . . . All of the above instances of extra-pclar white have beer 
located within the tropics, Examples of the same thing, however, occur in 
the north temperate zone." Of one such. spot in latitude 50° XN, Lowell 
wrote: "This spot, too, on oecasion glitters, as it were, with ice." He 
interpreted these occurrences as hoarfrost, resulting from locel drops in 

—— per 82 8 i! NTNT-TFN[N-T"-"r---"— 


Slipher later photographed a very large spot of this type, and reported 


its appearance in a paper (5). He wrote that the spot was "800 miles long 
and tes mites wide, slightly less bright than the south polar cap but more 
brillient than the north cap, and in tint. slightly more yellowish than the 
south cap." He called this spot, which disappeared after several days, "an 
outstanding feature in the recorded history of Mars," concluding that "it is 
of most pertinent significance regarding conditions on the planet." 
Somewhat similar to these were the mysterious white strips observed by 
Barabashov (6). They extended over the ground for distances of 100 to 1,000 | 


km. Barabashov did not attempt to explain them. Also similar were the 


bright flares reported on the disk of Mars a few years ago >y Saheki in 


Japan. (7). These, too, were interpreted as the effect of sunlight reflected 


| 
1 
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from sheets of ice. They were followed by the formation of clouds in the 


atmosphere. 
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The Icé Mantle Theory 


A possible explanation of these bright arezs resembling ice. fields on 
the dry surface of Mars may be found in = theery advanced by Baumann more 
than half a century ago, to account for the apparent absence of liquid 
water (8). He postulated that the vrimorcial oceans had frozen and had beer 
covered by an accumulation of dust from active voleancs. Baumann held that 
the ochre areas — generally identified as desert highlands — were the former 
seas, and that the dark areas were continents. The canali were attributed 
to fissures in the ice, also resulting from voleanic action. 

According to this view, Mars would contain an extensiye ice mantle, 
covering about 75 percent of its area, beneath a surface layer of pulverized 


soil. Ina statement repeated by Urey (9), H. 5. Suess also has suggested 


that "substantial quantities of water may’ be buried under dust and never 


In Moscow recently Davydov has duveloped the ice mantle theory in 
greater detail (10). He assumes that the planetary materials from which 
Mars evolved included water 1n approximately the samé proportion to their 
total. mass as did those from which ths Zarth was formed, Because of the 
greater distance of Mars from the Sun, most.of this water is now frozen. 

The ice mantle is hidden under an envelope of dust deposited by the frequent 
dust storms that sweep across the plafet. Davydov considers that the polar 
caps are exposed areas of the mantle. 

This is by no means a radical idea. Many authorities now believe that 
the large satellites of Jupiter and Saturn may be encased in outer shells 


of ice. Even at ‘the relatively near distance of the Zarth from the Sun, 


Gold has suggested that the Moon may have an ice table ata depth of 30 meters 
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below the visible surface (11}. The Moor today is regarded as 2 totally dry 
body with no more than a trace of atmosphers. Yet patches of mist that. 
resemble water vapor escaping from the interior have been reported, 

So it showld not be taken for granted that Mars, because of its inferior 
mass, has necessarily been divested of nearly 211 its water. If the tempera- 


ture conditions under which it evolved were suitable, Mars could possess an 


Ace mantle of considerable depth below its generally bare and arid surface, 


b 
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Underground Water 


Tavydov goes teyond the possitility of frozen weter uncer the Martian 


se in the interfor of Mars 


surface. He estimates thet the tenperature in 
follows nearly the same psttery as the temperature rise within the Zarth, 
Under the surface of the Earth, the increxse is approximately 3 © per 100 
meters of depth. If this is the case on Mars, then in the tropics, where 
the mean annual surface tempersture is — 15° Cc, the temperature within the 
crust would rise above the melting point of ice at a depth of only 500 meters 
below the surface, In the poler regions, where the mean annual surface 
temperature is much lower, the melting point would be reached at a depth of 
perhaps 2,000 meters. 


Within the Earth's oceans, the temmerature gradient is not the same as 


in the crust. Warm water rises toward the surface while cold weter descends 


overall temperature variation. However, it is to be expected that the temper- 
ature. in the crust would determine the depth at which s frozen sea would melt. 
If Davydov's assumptions are correct, there shovid be a reserveir of licuid 
water below the subsurface layer of ice or Mars. Then assuming that fissures 
appear in the ice from time to time as a result of stresses in the mantle, 
some liquid water would ascend toward the surface. Upon meeting the rarefied 
atmosphere above, the water would evaporate, forming vapor clouds or streaks 
of fog, or depositing hoarfrost on the ground. This process would explain 
the. brilliant white spots described by Lowell and Slipher, the white strips i 


reported by Barabashov, and the bright fleres observed by Saheki. 


One possible source of stresses violent enough to oper deep fissures in 


the ice would be shock forces from voicanic action, as Baumann assumed. But. 
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this is not the only plausible explanation. Another might be impacts by 
large meteorites, approaching astercidal dimensions. The proximity of Fars 
to. the asteroid belt has led Tombaugh to propose the Likelihood of such 
collisions (12). In this connection, I have tested the effects of similar 
impacts on ice beneath a covering of soil by meaus of a simple experiment. 
Small models of the Martian crust were made by sandwiching layers of ice 
between layers of frozen dirt, and were subjected to impacts from tullets, 
The impacts produced miniature craters with white floors resembling the 
spots described by Lowell and Slipher. 

Still another possibility may be mentioned. According to Tirac, the 
gravitational constant has decreased curing the life of the Solar System and 
continues to decrease (13). The apparert expansion cf the Farth, causing 
cracks in the mantle. some 10 to 15 km below the surface, hes heen ascribed 
to this cause by Jordan (14). It is conceivable that the same process — or 
any other activity causing. the total volume of the planet to expand — might 
have produced fissures under the surface of Mars. 

Whatever its origin, an extensive system cf ice fissures under the Mar- 
tian surface would account. for the elysive cariali. As Davydov peints out, 
vegetation established along the fissvres would have access to 2 relatively 
abundant supply of moisture, and so might be expected to. crow in some. pro- 
fusion, More significantly, a reliable source of underground water would 
greatly alter the present view of Mars as a marginally habitable planet. 

It would provide a means of life support for explorers from the Farth. 
Fesides, it would open up the possibility of indigenous life or Mare in a 


type of environrient which has not been previously consitjered. 
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4 Subsurface Biosphere 


If liquid water is found in substantial quantity below the surface of 
Mars, underneath a stratum of ice at depths of &.5 km or more, it may be 
considered as a potential bicsphere. For life to exist in such a setting, 
jt would have to meet certain conditions, of which the most important by 
terrestrial standards are pressure and temperature. 

With regard to pressure, marine organisms capable of withstanding very 
great pressures have been found in the Warth's oceans. Various types of 
baryphilic (pressure-tolerant) bacteria have been recovered from sediments 


on the bottom of the Pacific at depths exceeding 6,000 meters (15). The 


hydrostatic pressure at this depth is. isobaric with 600 atmospheres. ven 
at 10,000 meters (1,000 atm) deposits from the bottom contain bacteria, 
indicating that terrestrial microorganisms can endure tremendous pressure. 


—————r- tne sotto ossenormpreemureinorenoos byt ete eneh--netere 


of depth, On Mars, which has a surface. gravity of only 0.38 G, the hydro- 


static pressure would increase by 1 atm every 26 meters, Hence, at a depth 
of 500 meters below the Martian tropics, where it has been estimated that an 
ice table would melt, the pressure would be less than it is anywhere in the 
Earth's. deep seas, which begin at 20C meters of depth according te the con- 
ventional definition. Even at depths of several thousand meters on Mars, 
the pressures would be well within the range of tolerance for terrestrial 
microorganisms, It may be added that numerous. metazoa, such as starfish, 
sea cucumbers, bivalves, and others have been discovered in the Earth's 
deep seas. Hl 


With regard to temperature, active life is possible in terrestrial 


biology from several degrees below the freezing point. of water to a maximum 
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of 80° ¢. At the bottom of the Zarth's deep seas, the temperature is about 

2.5° C. It is estimated that the temperatures in a subsurface sea on Mars 

would ‘be of approximately the same order of magnitude. Therefore temperature 

would present no obstacle to life at either end of the scale. Tt would 

presumably vary with depth. But nowhere would it show the extreme day-night 

variation, from ag? C down to — 50° © and lower, which pravails on the 

surface of the planet, 7 

A subsurface reservoir under several hundred meters of ice, and covered 

by a top layer of dust, would of course be permanently dark, except perhaps 

where some light filtered down through fissures, However, light is not a 

prerequisite for life. Numerous species on Earth live in aphotic environments. 

They include inhabitants of the oceans below approximately 500 meters, where : 

sunlight no longer penetrates from the surface. Also in this catezory are | 
| 


soil bacteria and the different forms of life found in caves, coal mines, 


and petroleum deposits, Unlike photoautotrophs — green plants which provide 
the basic substance of life on the surface — they do not rely on photosyn~ 


| 
thesis to build organic materials, : | 
| 
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Dark-Adapted Organisms 


Photoautotrophs are not the only kind of life that produces organic 
matter, Among other types are thermoautotrophs, such as purple bacteria, 
which inake usé of heat radiation for the same purpose. we have a great. 
variety of chemoautotrophs, deriving chemical energy from oxidative’ processes, 
Subtypes of these autotrophs, depending on the oxidized chemical, include 
hydrogen, nitrogen, methane, ammonia, sulfur, and iron bacteria. If some of 
these. chemicals, together with oxygen or oxygen compounds, are present in an 
underground reservoir of water on Mars, the environment would be suitable 
for chemoautotrophs of the types knowr on Earth. Moreover, if they exist, 
they would supply nutritive substances for heterotrophs, which can live only 
on. prefabricated organic matter. The heterotrophs might conceivably have 


developed by evolution from the original chemoavtotrophs. 


i we eh we “nave 


to a crucial question. At what period in the formation of Mars as a planet 
were its oceans frozen, assuming that they once existed in a liquid state? 
Tf they began to freeze ata relatively early stage, while the Martian 
protoatmosphere consisted mainly of hydrogen, ammonia, methane, and water, 
as the original atmosphere of the Earth most probably did, then they might 
still retain these primordial atmospheric gases in suspension. If so, then 
the present subsurface water would offer an ideal medium for the chemoauto- 
trophs described above. 

Further, it is well within the bounds of plausibility to consider that 
even organic material might exist on lars, both in the proposed ice mantle 
and in the water below. This material could have been produced within the 


primordial. atmosphere by Wltraviolet radiation or by lightning, later : 
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settling into the water, or it could have been produced in the upper levels 

of the former oceans. ‘That organic matter, such as amino acid, can be genera- 
ted in a protoatmospheric mixture of these gases when electricity is discharged 
through them has been demonstrated experimentally by Miller (16). The result 
would have been a "natritional broth" of the type suggested by Cparin (47) 

and others as the original stuff from which life developed on Earth. 

It is logical to expect that life would have developed on Mars under 
similar conditions, assuming that Life has arisen there at all. Unless 
oceans once were present, under a reducing atmosphere with the composition 
postulated by modern theory, it is difficult to account for the origin of 
any living organisms on Mars today. ‘The possibility that they may exist now 


in a subsurface hydrosphere is of course a speculation. However, it is more 


probable that life would have survived in a sheltered environment, providing 
warmth and an abundance of water, than in the extremely cold and arid 
environment would contribute to the survival of life on the surface. Besides 
inereasing the flow of moisture over the planet as a whole, the suggested 


fissures in the ice mantle might serve as channels for occasional intercon- 


taminations between the two biospheres, to the benefit of both. 
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Summary arid Conclusion 


The classical view of Mars depicts a planet of such small mass that it 
has lost nearly all the moisture from its former oceans, by the dissipation 
of its water vapor molecules into space. Many observers believe that a hardy 
Species of plant life thrives in certain areas, maintaining itself on the 
residue of this moisture, which circulates toward the tropics from the polar 
eaps during the Martian spring and summer. 

A number of puzzling observations have led some astronomers to formulate 
an alternative theory. They suggest that the original water was not entirely 
lost, but instead was frozen, forming an ice mantle of considerable depth 
under a surface layer of dry dust, The lower levels of the mantle may be 
Liquid, due to higher temperatures in the interior. A certain amount of 


moisture may escape to the surface through fissures in the ice. 


TET 
potential of Kars as a whole, but also would extend it to another region, 
previously unsuspected. If Life exists in underground seas on Mars, it 
would have thé characteristics of marine biclogy in the depths of the Earth's j 
oceans, Its development could be predicated on present-day beliefs about 
the origin of life on Earth. 

The concept of a marine biosphere on Mars, bidden from direct observa- 
tion by astronomers, can only be supposition at this time. However, space 
probes might be designed to shed some light on this suggestion. Every 
possibility of an environment favorable to life should be examined before 


human astronauts are-landed on Mars. 
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THE PHYSICAL ENVIRONMENTAL PROFILES OF THE PLANETS AND 
THEIR MEDICO-BIOLOGICAL IMPLICATIONS * 
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The space age which we have entered in the sixth decade of 
this Twentieth Century has radically changed our relationship to the 
othér celestial bodies in the solar system, the planets, and their 
moons. 

In ancient times they were the objects of divine adoration and 
as arelic of this are still the symbols of astrological mystifications. 

After the invention of the télescope in the days of Galileo, 400 
years ago, they became spécial attractions of astronomical observa- 
tions. 


Some planetary surface features and colorations discovered in 


pL 


‘ereeeareraranererereeereae KY logical speculations. 
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And. now in our time, the fantastic developments. in rocketry 
during the past 15 years have made some of them prospective targets 
of astronautical Operations. 

The telescope has brought them Closer to us optically, but 
the jacket cate propulsion device in astronautics-~offers the poten- 
tialities of bringing us closer to them physically. In fact, due to 
the rapid progress made in rocketry, the possibility of "a flight to 
another star," which is the literal meaning of astronautics, has 
shifted from the level of probability to a qualified certainty. 

This new situation, brought about by the space age, has 
reactivated and given new impetus to the hundred year old question, 
"Is there indigenous life on other celestial bodies ?” This is a 
problem of extreme philosophical and general biological importance 

tend the new scientitic field-concemed—with-this-subject matter ty 


called Astrobiology or Exobiology. However, of immediate practical 


importance in manned astronautical operations is the specific 
problem of man's: survival on the target celestial body. This human 
physiological aspect of extraterrestrial environments directly con- 


cerned with the life of the astronaut is the business of bioastro- 
goes ag dig 
nauti¢s or space medicine and as such has become a first order space 


projectcon the national and international scene. But this specific 
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bioastronautical topic cannot be separated completely from the 
aforementioned general astrobiological one because they overlap 
somewhat in the field of possible useful and hazardous interrela- 


5 yee 2 aavbrinf eg 
tions between astronauts and indigenous life to be eonquered © 


on the. target celestial bodies and im contamina~ 
tion, Hine microorganisma brought along from earth via space 
vehicles; and vice versa. It also includes the problem of inten- 
tional selective inoculation of extraterrestrial environments in 
order to transfernthem into more earthlike conditions. 

The only logical approach to all of these problems is the 
ecological one. This term is derived from the Greek word, Oikos, 
meaning house or habitat. Ecology, therefore, studies.a physical 


environment with regard to its suitability to house living creatures. 


————___—_——tr-a-breader sense; itis the-sciencse-of the—mutuat interrelations ————— 


between environment and living. organisms, 

In order to get a picture of the qualifications of the planets 
as an abode for life of both the general biological forms and human 
life, we must examine if, in their atmospheric environments, the 
fundamental bioelements, such as carbon, hydrogen, oxygen, nitrogen, 
and the molecule, water, are directly available or can be made 


indirectly available by intermediary processes. It must also be 
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determined if certain vitally important energies, such as thermal 
and. light energy, are found there in thé proper tolerable range and 
intensities. In order to qualify as a life supporting environment, 
these physical and chemical conditions must lie above the ecologi- 
cally required minimum and should not exceed ithe permissible maxi- 


mum. The minimum and maximum are the so-called cardinal points £ 


on which the ecological "law of limiting factors" is based. Some- 
where between the minimum and maximum. lies the optimum for 


active life. Beyond these two points, lifé is still conceivable in 


a dormant state which finds its end at another cardinal point--the 
ultimum. 


This line of ecological thinking and approach, which has 


made ecology an important sciénce in our terrestrial environment, 


special planetary ecology with its two sides or aspects~-the biomedi- 
cal.and general biological one. Their application immediately 
reveals their biophysical and medico~physical qualities. Moreover, 
we arrive in this way at a kind of zonation of the solar space and 

at an. ecological classification of the planets. , Now in such an 


environmental analysis of the planets, our attention in the first 


place is directed to their atmospheres, especially to their near 
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surface layers. We aré interested in their total mass , structure, 
chemical composition, density, temperature, light conditions, and 
other anargigs penetrating them from outer space. However, in 
addition to the atmosphere, especially from the standpoint of manned 
space apeetioas , the magnetic field forces and gravitational field 
forces, as far as they are environmentally or flight operationally 
effective far beyond the atmosphere, demand our’attention. In this 
respect, the atmosphere, plus the magnetosphere and plus the gravi~ 
sphere, which I like to explain later, represent the total environ- 
mental profile of the planets. Sa'inis is the topic in this first lec- 
ture, which we might entitle "General Planetary Ecology.” In the 
second lecture on special planetary ecology, we shall concentrate 
on two individual planets, Venus and Mars, with some remarks about 
1 Wet itt shall a i Sti 


lecture to the planetary atmospheres. 7 


Now, first, whether or not a planet has an atmosphere depends 
on two factors; namely, the escape velocity which depends on the 
planet's mass and the resulting gravity; and secondly, on the actual 


velocity of the various atoms and molecules in the fringe. zone of 


the atmosphere which is influenced by solar heat radiation. If these 


attain the critical kinetic energy of escape, they may ‘disappear from 
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the gravitational hold of the planet and disappear into interplanetary 
space. If.this is the case, especially with regard to certain atmos- 
pheric constituents, as for instance, hydrogen and helium, it 
changes the chemistry of ihe atmospheres, but more important in 
this respect is ultraviolet radiation of the sun which by means of 
photochemical reactions can change the whole. chemical structure 

’ of an atmosphere. This, of course, takes millions of years and in 
order to understand the. physical and especially the chemical proper- 
ties of the planetary atmospherejcompletely in their present state 
we must include their origin and paleontological development, and 
as a model in this respect we shall use the evolution of the earth's 
atmosphere about which several important publications are available, 

Actually, one should dig even deeper into the past, into the 
= 7 7 

would like to mention only that, according to the theories of. the 
past century eho with E. Kant, P. LaPlace; the planets 
originated from very hot gas clouds, or from very hot solar matter; 
in other words, in.a hot way. According to new theories advanced 
during the past 25 years by F. von Weizsaecker, H. Urey, and 
G. Kuiper, the planets were formed from peripheral solar dust of 


relatively low temperature, or ina cold way. With the accumulation 
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of matter, their temperatures rose, secondarily, to some two thousand 
degrees. 
In brief, the planets have gone through the following stages 
of development: Primordial solar dust cloud--the phase of accumula- 
tion of duke particle's and planetesimals, or the preéprotoplanet; the 
early period of the final planetary body, or the protoplanet; and the 
stage of planet as it exists today. The age of the planets and the 
solar system is generally estimated to be four to five billion years. 
And. now, to the origin and evolution of the earth's atmosphere 
as a paleoecological model for comparison with the other planetary 
atmospheres! For this purpose, let us go back about two arid one~half 
billion years. At that time the primordial earth, having reached a 


temperature of about 2,000°C, was surrounded by a gigantic thick 


—_—_——__blanket_of water vapor, impenetrable to the sun's rays. At these 


high temperatures most of the water on éarth existed in gaseous form. 
When, in. the course of millions of years, the earth's surface 
had cooled off, more and more water vapor began to condense and 
finally the entire water vapor contained in the air rained out. As a 
result, tremendous amounts of water accumulated on the earth's 
surface and formed oceans of boiling water. This was the turning 


point from. the astronomical, or pregéological time, to the geological 
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time. After practically all water vapor had condensed on the earth's 


surface, the-sun's rays could penetrate the remainder of the trans- 
parent gaseous envelope and touch the ground. This, then, was. the i 
hour of birth of the earth's atmosphere--some two and one~half 
billions of years ago . Before this time the earth was enveloped by 
a thick blanket of essentially water vapor and some. gasés. Nowa 
differentiation of this hot vapor and gaseous sphere had taken place, 
separated into.a hydrosphere and an atmosphere containing the 
primordial gases. 

These gases of the primordial atmosphere or protoatmosphere ay 
showed a chemical composition very different from that of the present- 
day atmosphere. The present-day atmosphere contains, essentially, 
oxygen, nitrogen, and oxygen compounds such as carbon dioxide. 

ere. i protoatmospnere, however, con— 

sisted mainly of hydrogen and hydrogen compounds such as methane, 
ammonia, water, and helium. It was a reducing atmosphere. It 
had no actual oxidizing power. Chemically, the present atmosphere 
is essentially an-oxygen atmosphere, whereas the. protoatmosphere 
was-essentially a hydrogen atmosphere. 
ne But soon a change took place. According to recent astrophysi- 


cal theories, by means of photodissociation, the remaining water 
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molecules eat cats of the protoatmos phere were split into 
a} 83} osvtett, wunpeingadiny HE ome pe 
hydrogen’ ‘sha oxygen ee ultraviolet of solar radiation a The lighter 
eb tp? vy, Abs arth 
escaped into j space, and the heavier oxygen remained. 


hydrog 
with the appearance of this. initial oxygen, the protoatmosphere 
attained oxidizing power. This started a new decisive: step in its 
development.. Ammonia (NH) was oxidized to free nitrogen (Ng) 
and water, and methane (CH a) to carbon dioxide and water. During 
this process of evolution the primordial atmosphere became more 
and more oxidized. With the appearance of chlorophyl, about one 
and one-half billion years ago, this process of oxidation was 
accélerated by the process of photosynthesis. With this, biology 
entered the picture of the transformation of the earth's gaseous 
envelope. The oxygen, photosynthetically produced, oxidized’the 
to rather large amounts , such as are observed in the present-day 
atmosphere. This stock of atmospheric free oxygen (03) amounts 

to 1.2 quadrillion metric tons. It has been calculated that this 
total amount of O, could be replaced, photosynthetically, by the 


present green vegetation on all the earth continents within approxi- 


mately 27,000 years. This demonstrates the effectiveness of photo- 


synthesis in the oxidation and oxygenation of our atmosphere. It 
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has, withouta doubt, surpassed by far the oxygen production by 
photodissociation of water, as aforementioned. 

In this whole oxygen complex and that of carbon dioxide, we 
made not consider the atmosphere alone. The atmosphere is ina 
continuous gas exchange with the hydrosphere; that is, with the 
oceans, lakes, and rivers, with the. lithosphere; i.e. , the solid 
earth and the biosphere, which represents the whole living worid. 
A discussion of these interrelations, however, goes beyond the scope 
of this lecture. 

This survey shows how complicated the task would be to 
obtain a clear picture of the losses and gains in the oxygen balance 
of our atmosphere, Drastic changes are not to be expected in‘the 


range of recorded history. For the past 150 years, the oxygen con- 


en 
— ee the i hs be er-consteni 


Summarizing, we find in the historical development of the 
terrestrial atmosphere two basic types of atmospheres with. pronounced 
chemical reaction tendencies and, logically, a transition stage 
between the two: 

1, Areéducing protoatmosphere with a potential but no actual 
oxidizing power. In this anoxic hydrogen atmosphere, which was 


found in the early phase of the proteatmosphere, organisms are 
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hardly Gonceivable. If, however, organic compounds such as amino 
acids, etc., were produced from methane and ammonia by solar ultra- 
violet radiation or other photochemically effective rays with some 
SO, available, anoxibionts could have existed in this primitive 
‘aimosuhers - These, then, would have been the protobionts on our 

. planet... 

2. A transitional stage with increasing oxidizing power. In 
this stage of the protoatmosphere, chemautotrophs (iron-, sulphur, 
ammonia-, and hydrogen-bacteria) and photoautotrophs (chlorophyl- 
bearing organisms of lower order) could have existed. 

Large iron deposits such as those found in the area of the 
Great Lakes in the United States are the result of the activity of 


iron bacteria. These deposits are one and one-half billion years old. 


This type of atmosphere, which we observe today, provided the basis 


for the development of higher plants, animals , and man, 


_ So.much for the historic eyo yon * nt: the fo atmosphere 
Ag te PY) p to pe * } boyy dr ryder 
We must keep in mind that behind ie ‘acene of this chemical, tra. 


mation solar radiation‘was and is the effective agent. 
We can. now proceed to our main topic: the atmospheres of the 


other planets and their ecological qualities. 
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Tt can be assumed that the protoatmospheres of the other 
planets , about two to two and one-half billion years ago, had the 
same chemical composition as the protoatmosphere of earth. Then 
it can be expected that they must have very different chemical 
+i Suertiss now,. ‘since they have been exposed to different intensities 
of solar radiation corresponding to their respective distance from the. 
sun. 

The planets are geometrically spaced in the sense that each 
successive planet is about twice as far from the sun as the preceding 
one, which is known as Bode's Law. Mercury, Venus, Earth, and 
Mars, with orbits lying inside the belt of the asteroids or minor 
planets, are called the inner planets. Jupiter, Saturn, Uranus’, 


Neptune, and Pluto, moving in orbits outside of this belt, ‘are called 


In the following, we shall consider the planets-~not with 
increasing distance as is usually done~~but rather with decreasing 
distance from the sun, since this sequence conforms better with 
the foregoing discussion concerning the chemical evolution of the 


terrestrial atmosphere. 
Table II shows the main chemical components of the planetary 
atmospheres in the order of their abundance. It also shows the 


distances from the sun. 
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Approaching the solar system from the outside, we first 
encounter Pluto, the outermost planet. It is assumed that its 
atmosphere consists of hydrogen, helium, and methane in a 
frozen State. 


Neptune, Uranus, Saturn, and Jupiter can be considered heré 


as a group. The very dense atmospheres of these larger planets 
consist mainly of hydrogen, helium, methand/ ammonia, and prob- 
ably frozen water. Saturn shows less eriaenis because it seems 
to be frozen out. Uranus and Neptune show only methane absorp- 
tion lines. The clouds of Jupiter and Saturn probably consist of 
ammonia snow. It might be that with increasing depth and, conse- 
quently, increasing density and pressure, the gases~-under their 
own weight--are transformed into the solid state. Now atmospheres 
mMposi ing and redu ri 
actual oxidizing power. The similarity of their chemistry to that 
of the protoatmosphere of the earth is striking. Apparently, escape: 
of these light element compounds has been prevented by the strong 
gravitational forces of these large planets. They seem to be pre- 
served in a frozen state because of their low temperatures due to 


their greater distance from the sun. 
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The main constituents in the Martian atmosphere are probably 
nitrogen; argon, and carbon dioxide. The amount of carbon dioxide 
is about twice that on earth. Water is present in very small amounts, 
mainly in the form of ice and vapor. This atmosphere is qualitatively 
similar to that of the earth, except that it does not contain oxygen, 
or only traces of it. During its evolution, it lost most of its atmos- 
phere because of its low gravitational force (38%). Not only hydrogen 
but also oxygen might have escaped from proto-Mars. The Martian 
atmosphere is an oxidized atmosphere with low potential oxidizing 
power and perhaps a low actual oxidizing power, depending on the 
presence of free oxygen. 
The Venusian atmosphere is a completely oxidized atmosphere. 
It probably contains nitrogen and carbon dioxide-~the latter in large 
5 S ee Oxygen is stilla mattér of astronomi- 
cal dispute. Proto-Venus probably lost most of its oxygen by escape, 
due to the high temperature caused by its proximity to the sun. 
Water seems to be present, according to recent spectrographic: studies 
made in high altitude balloon flights. 
We find a chemical type of atmosphere resembling that of Venus 
in volcanic fumaroles, which are little craters, where carbon dioxide 


has escaped from the interior of the earth and has displaced the air 
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on the ground, because of its heavier weight. Such places are the 
Grotto del Cane at Puzzuoli near Naples, the Moffetten (vents in 
the’ last stages of voleanic aCtivity) on the eastern shore of Lake 
Laach in the Rhineland, and Death Valley on the Dieng Plateau in 
Java. Some lower places in this valley are barred io animal life 
because of their carbon dioxide enrichment of the air. Bodies of 
birds and mice are sometimes found in. these areas ; they died when 
they ventured into this toxic air. 

Mercury has a very tenuous atmosphere, ifany. It probably 
could not hold a noteworthy atmospheric material because of its low 
gravitational force and its high temperature due to its nearness to 
the sun. 

Summarizing, in the solar planetary system in its present state 


of development, we find two basic types of atmospheres; 


found on the outer planets, and 
2. Oxygen and/or oxidized.compounds containing atmospheres 


on the inner planets with three varieties: 


ptt 
a. the atmosphere of the earth--an oxi 


with a high content of free oxygen, 
b. the Venusian variety--a dense oxidized atmosphere with 


only a small amount of free oxygen, or none, and 


. Hydrogen and hydrogen compounds containing atmospheres 


16 


c. The Martian variety-~a thin oxidized atmosphere, also 
with only traces of free oxygen. 

The group of the oxygen-dominated atmospheres of the inner 
planets form a kind of oxygen belt in the planetary system, and the 
earth is the pronounced oxygen planet in this bélt. The group of the 
hydrogen-doniinated atmospheres represent a hydrogen belt. These 
two belts correspond exactly with the two basic phases in the histori- 
cal development of the earth's atmosphere: the hydrogen stage some 
two and one-half billion years ago and the present oxygen stage. 


Indeed, we notice the same sequence when we travel through the 


planetary system, beginning at its remote outer regions into those i 
of the vicinity of the sun; a change from hydrogen and hydrogen com- 4 


pound containing atmospheres to oxygen and/or oxidized compounds 


beyond the effective range of solar radiation, apparently have pre- 


served their hydrogen atmospheres of the protoatmospheric stage. up 
to the present time. They are still protoatmospheres. 

It is. interesting to note that we do not find a transitional phase 
as we should logically assume. This can be explained with the 
large spatial gap between Mars and Jupiter which is filled with 


minor planets, or asteroids. If this region were occupied by a 
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planet today it might show the postulated transitional phase of 
atmosphere. But it should be mentioned that the next planet beyond 
the belt of asteroids--Jupiter-~shows some signs of photochemical 
reactions in its atmosphere, as manifested by red, green, and 
yellow colorations which are caused by free radicals of ammionia 
and methane. produced by photodissociation. 

So much for the chemistry of the atmospheres of the planets. 
They all belong to the same family of celestial bodies but revolve 
around the sun at different distances and are consequently exposed 
to different intensities of ultraviolet radiation. As a result, they 
show a different chemistry, which is ecologically significant, 


Ecologically not less important are the heat effects of solar 


irradiance and its illuminating power throughout the ‘solar system. 


magnetic rays for the various planetary distances. Using the values 
at the earth's distance as a baseline, we find that the intensity 
factor for total irradiance and illuminance following the inverse 
square to the distance law nearly doubles at the orbital distance of 
Venus, and at the mean orbital distance of Mercury it is: more than 
six times as high. At.the distance.of Mars it decreases to less in 


than one-half; at Jupiter's distance to one twenty-seventh, and in 
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the remote region of Pluto the intensity drops to one-sixteenhundreds 
of the terrestrial val ue. 


If we calculate the total thermal irradiance expressed in 


; cal com min for the various planetary distances, we obtain the 
wales given in column 3, At the top of our atmosphere, thermal 
irradiance amounts to 2 cal cm min which is known as the terres~ 
trial solar constant. At the earth's surface it is seldom higher than 
1 cal nro min”! . At the distance of Venus, we observe 3.8 cal ome min. 


-2 -1 
and at that of Mercury more than 13.3 calcm min . Mars receives 


-2 -1 
0.86 and Jupiter 0.074 calcm min . 
This thermal irradiance pattern, of course, is reflected in the 
planetary atmospheric temperatures: an extremely important ecological 
factor. Active life-~without protection~~is possible only within the a 
fe, 
rE TEL AHUIME TANTS ATOM SSVETAT VSMCS VSIOW TNS HESZING point OF point Oi 
fe) °. 
water, the minimum, to about 50°C or even 80°C (150°F), the maxi- 


mum, if we include thermophilic. bacteria. On both sides beyond this 
range, living matter becomes dormant and may, at the ultimum point, 
perish. Life permitting temperatures are found on planets only in a 
certain distance range from the sun; namely, in that of the inner 
planets. We can call this zone biotemperature-belt or euthermal 


belt. Venus: lies in the hot, Mars in the cold border region,. and the 
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earth in the temperate middle. Mercury, dehiting close to the sun 
in the hyperthermal zone and not rotating around its axis, is too 
hot on its sun side and too cold on the other; in fact, this perma- 
nently dark side of Mercury is the coldest place in the solar system. 
The group of the outer planets--Jupiter, Saturn, Uranus; Neptune, 
and Pluto-~-with temperatures ranging from ~140°C to -250°C, lie 
outside of the! belt of life supporting temperatures. These so-to- 
speak permafrost planets, moving in the hypothermal zone of the 
solar system, fail in the temperature requirements for active life, 

Concluding from this temperature pattern, it suggests itself 
that water,in its biological usable (namely, liquid) state is also 
found on planets only in the same distance range from the sun as 


the biotemperature s Water in its liquid state is the conditio sine 


qua non for active life. It is the solvent of the various chemical 


constituents in cellular protoplasma and body fluids. It is one of 
the raw materials in the process of photosynthesis of green plants. 
If, therefore, a planet does not possess water, such a dry celestial 
body is not. able to support any form of life. This is true of the 
outer planets where water is found in the frozen state only. On 
Mars, water is very scarce and may exist essentially in the form of 


vapor, but only during the day in the warming sun. Concerning the 
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Venusian atmosphere, spectrographs taken from high altitude balloon 
flights indicate its presence in the upper atmosphere. Mercury is, 
in addition to being hot and cold, dry and maybe icy. So, with 
regard to water in its biologically usable form, besides the earth, 
a water paradise in the planetary system, only Mars and Venus can 
be regarded as. qualified biophilic celestial bodies. They form, 
ecologically, a belt which H. Shapley calls the "liquid water belt" 


in the planetary system. 


Finally, we must consider the visible section of the solar 
electromagnetic spectrum as an indicator of the ecological qualities 
of the planets. Some bands in this section are utilized.in terrestrial 
photosynthesis. And it is this section within which many of the 


families of the animal kingdom and man.can perceive the features 


nm OF tre -SuITOUMnNy word by MSaNs Of a Monty SPSCMe 


tissue, the retina. 

At the top of the earth's atmosphere, solar illuminance amounts 
to.140,000 lumens per square meter or lux. At the earth's surface, 
the maximal value is about 160,000 lux. At the distance of Venus, 
solar illuminance reaches more than one quarter of a million lux. 

But the dense cloud cover may weaken this light flux to a level as 


we observe it on earth on a foggy day. On the sunlit side of Mercury 
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with an illuminance of 935,000, i.e.., almost one million lux, terres— 
trial plants would become a victim of what the botanists call solariga- 
tion. On the other side, illumination from the sun is always zero. 
On Mars it is within physiological intensities. Within the atmospheres 
of the ‘outer planets, the light conditions may range from dim light to 
dark. Again, with regard to light, we can speak of a euphotic. belt 
containing Venus, earth, and Mars, adjoined by a hyperphotic and by 
a hypophotic zone. 

In summarizing all the ecological properties of the planets 
found in their atmospheres., we definitely find a zonation in this 
respect as evidenced by an oxygen belt, liquid water belt, euthermal 
and euphotic belt. All of these zones are found in:about the same 


distance from the sun. To cover all these ecological factors with a 


tion for this life favoring zone in the planetary system. 


The ecosphere of the sun is a biologically defined concépt. It 
indicates a zone, determined by the distance from the sun, in which 
electromagnetic radiation on the one hand does not exceed the ecologi- 
cal maximum and therefore is not biocidal either directly (temperature) 
or indirectly through other ecological factors affected by it (water), 


and on the other hand, does not fall below the ecological minimum. 
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The earth moves within an optimal distance, with plenty of sun- 
shine-~not too much and not too little; it occupies, so‘to speak, the 
golden orbit whereas Venus and Mars move in far less priviledged 
locations . The helio~ecogphere, extending from about 100 to 300 million 
km, is not more than 200 million km wide, which corresponds to less 


than 5% of-the total reach from the sun'to Pluto. It is arather narrow ° 


zone within the solar system. 
The concept of the ecosphere, also referred to as the "habitable 
zone,” has recently been applied to other stars by various astronomers. 
From all these general ecological considerations, it seems to follow, 
that besides the earth only Mars and perhaps Venus may qualify as 
bioplanets or ecospheric planets. On the outer non~ecospheric planets, 
microorganisms, such as hydrogen bacteria, methane bacteria, ammonia 
7 77 z 
protoatmosphere, but the low temperatures may make this very doubtful. 
The question is often asked: is it possible to transform artifi- 
cially by inoculation. with terrestrial microorganisms the other planetary 
atmospheres , particularly their chemistry, into a more éarthlike environ- 
ment y” Mars seems to me in this respect a hopeless case because of 


its low total mass of air. Venus fertilized with terrestrial algae can 
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be expected to increase its oxygen content. The protoatmospheres 
of the outer planets would have, in the long run, great potentiali- 


ties, if temperatures Were not too low for life activities. 


So far we have discussed the planetary atmospheres, their chemi- 
cal and. physical properties. But in these days of astronautics, it is 
not enough to consider only the atmospheric environments. We must 
include other components such as the magnetic forces and the gravi- 
tational forces of the planets in order to get a complete picture of 
their ecological profiles. 

The magnetic forces are of interest insofar as they influence 
the flux of particle rays of solar and galactic origin by deflecting, 
channeling, and trapping action, They are therefore responsible for 


the. polar lights on planets and for the existence of a Van Allen-type 


the term "magnetosphere" for that region around the earth within which 
the magnetic field forces are effective in this respect. 

The earth has a strong magnetosphere as evidenced by the huge t 
van Allen tadiation belt. Venus, in all probability, has also a mag- 
netosphere with the same consequences; Mars, in all probability, , 
has a weaker one; and Jupiter, again, has a very effective magnatospheta 


The moon's magnetic field forces are 400 times weaker than those of 
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the earth so that we can, for all practical raasos , dismiss a lunar 
magnetosphere. 

Finally, of astronautical interest is the sphere. of predominant 


gravitational influence of a planet. We can call this "activity sphere" 


briefly, gravisphere. It is the space around a planet within which it 
can hold'a satellite. And it requires the velocity of escape to leave 
this gravitational realm of a planet. The axtension of a p lanetary 


gravisphere depends upon the gravitational force of the planet and 


its distance from the sun. Figure X gives you some idéa about the 


size of the planetary gravispheres : The radius of the gravisphere. of 


Jupiter, for instance, is 80 million km, that of Mars one-half million, ts 
that of Venus one million, and the gravisphere of the earth extends to 
1.5 million km, The moon's gravisphere extends to 60,000 km. This, 


so to speak, is the earth-moon gravitational divide. After crossing 
a COC: 


this line, a space vehicle is in the lunar gravitational space and can i 


become a lunar satellite if properly injected into orbit. 


| 

| 

i 

This concludes our lecture about the ecological profiles of the | 
planets, or our general planetary ecology. In the next lecture, we 
i 


shall take a closer look at some of the prospective astronautical target 


planets such as Venus and Mars. 1 
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4s about %oth of that on earth. At 
sea level the earth’s barometric pres- 
sure is 760 millimeters: of mercury. 

The main chemical constituents of 
the Martian atmosphere may well be 
nitrogen and argon. The main con~ 
stituents of our own are nitrogen and 
oxygen. ’ 

The proportion of carbon dioxide 
in the atmosphere is probably greater 
than on earth. 

Oxygen so far has not been de- 
tected in the air of Mars. 

‘Water vapor is.present, but in very 
small. amounts. 

The temperature may reach 85° 
F. above the gréen areas in the trop- 
ics at noon. During the night it drops 
as low as minus 95°F, 

Tn other words, the daily tempera. 
ture on Mars varies by as much as 
180 degrees. This is many times the 
normal daily variation on earth. In 
addition, the whole temperature 
band of Mars is in a range from 20 
to. 40. degrees lower than ours. If 
living things. should. éxist on Mars, 
they would have to be able ta’ with- 
stand such rigorous changes of tem- 
perature not merely from ‘season to 
season, as we do, but hour to ‘hour. 

The coldest natural temperature 
ever recorded on earth was 90° be- 
low zero at the Siberian village of 
Yerkhoyansk-in. 1892. This is only.5 

degrees less thati the:coldest extreme 
on Mars. The hottest temperature 
ever recorded on earth was 136° 
near Tripoli in 1922. 

The temperature factor leads us 
to: another. important environmental 
quality which is closely connected 
with it. This factor is oxygen. On 
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1926,OCTORER 21.28 
“e Morn “Noon. Eve’ Night 


12 18 
CLEAR ATMOSPHERE 


Temperatures on Mars 


ns in daily temperature of Mats ore 
shown for the southora frapical region near 
to midsummer’in the southern hemisphere. 
Measurements wore made by W. W.-Coblentz 
during 1926: Courtesy ‘of Fabor and Faber. 


its presence or absence—and on its 
amount—hangs the possibility or not 
of life on Mars, and the particular 
kind of life which might be found. 

Living matter (its water included) 
consists. up to 60 percent of oxygen. 
More than that, oxygen is one of the 
agents in the most important of all 
chemical. reactions for living organ- 
isms: biological oxidation, which rée- 
leases energy. 

Tf a. certain oxygen minimum is 


DIAMETER of Mars is 4,250 
ps. That of the earth is 7,913 
qr nearly twice as great; 
Its} Surface area is 52,500,000 
The earth’s is 196, 
950,0bq square. miles—four times as 
much] |But only about. 57, 508,000 
p fmiles of the earth’s area is 


. 
’s 


The fargest part of its surface is 
of-an}othre color, giving it a ruddy 
ce.. In the Martian spring, 
reas appear and cover as 
ay 2 third of its surface, 
ws white polar caps resem- 
bling fhpse of the earth, These caps 
consist $f thin layers of snow. 

Thd srface gravity on Mars is 38 
Percert jof that on earth. A 200- 
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by Hubertus Strughold 


Condensed from a section of the book, The Green and Red Planet 


76 pounds, z 

The planet rotates on-its axis in 
24 hours, 37 minutes, Thus its day 
is a. mere 41 minutes longer than. the 
earth’s, 

It revolves.around the’sun in 687 
of our days, or 668 days on Mars, 
This means that the Martian year 
and seasons are neatly. twice’ the 
length of ours, 

The mean distance of ‘Mars ‘from: 
the sun is 141,710,000 tiles. This 
Compares with 93,000,000 miles, the 
distancé of the earth from. the sun, 

Its orbital velocity is 15 miles per 
second. The earth’ is 18.5: miles per 
second, 

The atmosphere of Mars has a 


_ depth of 60 miles. That of the earth 


is 300 miles deep, 
Its probable barometric pressure 
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and even on monuments. In. the 
Himalayas they are-found at alti- 
tudes up to 16,000 feet. 

In short, these plants are the last 
outpost of vegetable life. They can 
exist on. rock and calcified remains 
because they produce organic acids 
which decompose the stone. In the 
course of the earth’s history they 
tay well have: been’ the first land 
vegetation, developing on bare vol- 
canic rocks. 

It-is tempting for the biologist to 
suppose that plants similar to lichens 
and mosses may be the last outpost 
of life on other planets such'as Mars; 
even if they find no oxygen. whatever 
in the. air. 

The question then arises: Is a 
mechanism conceivable that would 
supply’ plants not only with carbon 
dioxide for photosynthesis, but also 
with oxygen and with water? 

‘We do find. the prototype-of such 
a-system in plants:on earth, It is sit- 
uated. in the internal structure ofthe 
plants theniselves, and does not re- 
quire oxygen in the atmosphere: 

When such a systenr of “internal 
atmosphere” is.applied:to an oxygen- 
poor and water-poor environment of 
the kind we see on Mars, it provides 
a reasonable basis for the assumption. 
that a-form of vegetation can survive 
and maintain itself on that none-too- 
hospitable. planet. 

For a better understanding of the 
mechanism which we call the internal 
atmosphere, suppose for a moment 
we look at the microscopic structure 
of plant tissue. The drawing on this 
page shows a cross section through 
part of a lichen. We notice a dense 


Cross Section of a Lichen 


This section'shows the intercellular air spaces. 
between the dense layers of calls above and 
below tha. more attenuated central part of 
the plant's body. After Weise from F: Tobler, 


(Courtosy-4. Springer) 


layer above'and below, and a rather 
thin. layer in between. Underneath 
the upper layer algae (dark spots) 
are imbedded, The layer between ex- 
hibits a great‘many large air spaces. 

The maze of air passages is so 
widely spread that virtually every 
cell is in contact with internal air. 
Because of its spongy structure, the 
inner surface of the leaf is ‘much 
larger than the outer surface. 

Not only is the area of gas ex. 
change between the leaf and its 
inner environment enormously in- 
cteased—reminding us of the inner 
area of the lungs, which in men may 


60 


not fond, the combination of cir- 


sable gap. "This lack, by itself, 


exch{dt a large class of living things., 
Suc a lack exists on Mars: Ac- 
cord nt to careful measurements by’ 
Dr. Wt S. Adams and Dr, T. Dun- 
ham] Jk. of Mt. Wilson Observatory 
and more recently by Dr. Gerard P. 
Kuipey, oxygen. cannot be detected 
in th ‘artian atmosphere. Either 
it is figt there at all or it is present 
only [nj minute traces. 
if the situation is as it ap- 
peal that planet, it is relatively 
simple} to answer the question 
whe! higher types of living be- 
ings, ag we know them, could exist on 


r as-animal life is concerned, 
Ribility of warm-blooded crea- 
id the higher types of cold- 
blooded creatures definitely can be 


elimihated on Mars,.because.of the 
deficibricy of oxygen, As for plant 
life, there are some: clues that point 
to thé presence of a-kind of vegeta- 
tion. ese are the green areas of 
the largely reddish planet Mars. 


the pioneer. astronomer’ of 
gave his attention to some 
hands of green on Mars. 


chiepartment of Space Medicine of 
the U}-§. Air Force Schoo} of Aviation 
Medicin¢, Randolph Field, Tex. -Green 
Peyton, former editor of Fortune and Time, 
anda whall-known novelist, gave Dry Strug- 
orial assistance with The Green 
Planet and wrote its preface, 
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to brown, suggesting the seasonal 

changes in vegetation that occur on 

the earth. The ptocess repeated it- 

self. each yéar, frst in the northern 

and then. in the southern hemisphere, 
“as the polar caps melted. 

Lately, Dr: Kuiper, of the’ Yerkes 
Observatory of the. University ‘of 
Chicago, found that the infrared 
spectrum of the green areas is com- 
patible with that of some lower or- 
ders of plant life, suchas lichens and 
mosses. a 

There are some plants that.do not 
stop breathing until the oxygen pres- 
sure of the air falls: below a point 
which would be equivalent on earth 
to an altitude of about 100,000 feet. 
This pressure is the zero point ‘of 
plant respiration, and it is almost 
certainly a good deal higher than any 
oxygen pressure that may be found 
on Mars, 

Lichens.and mosses are the hardi- 
est plants we know. At'.the top in 
this: respect. are lichens,’ because -of 
their peculiar organization, They 
consist of two very unlike organisms, 
a fungus and-a riumber of algae; liv- 
ing together in close association. The 
fungus offers protection’ from cold 
and provides inorganic ‘substances, 
including water: ‘The algae build up 
organic substances, and supply oxy- 
gen through photosynthesis, 

Because of this ideal union.of their 
parts, lichens are highly ‘resistant to 
a dry, cold environment such as they 
would have on Mars. They make 
hardly any demands on the ground 

. or other - structures that support 
them. ‘We find: them growing on the 
bark. of trees, on the face of-rcks, 
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Sdertists and flying-saucer fans 

alik@ will be keeping a close: watch 
this year. The red planet 
#0.3 million miles away from 
4 summer — its closest. swing |’ 
towafdfearth in 15 years. And in 
1956fit Wwill be only 35.4 million miles 
awa! 
Astrdnomers, physicists and me- 
teorqlogists of eight nations — the 
United |States, France, Italy, Tur- 
key, |Iqdia, Japan, Australia and 
South Africa — will cooperate in a 
study of Mars’ weathér, temperature 
and Ife] if any, 

Méanwhile, according to Mrs. Les- 
lie J. Lofenzen, Sturgeon Bay. (Wis.), 
who js director of Aerial Phenomie- 
non Research, 2 close watch will be 
kept fox unidentified flying objects. 
Mrs.\Lqrenzen in a recent address 
¢ Milwaukee Astronomical 
paid mysterious ‘flying. ob- 
ere seen in “great- numbers” 
only |wHen the planet Mars was 
“clos§ t} the earth.” She said this 
mighy inflicate that the saucers were 
ships firdm Mars, 


tp more than 1,000 square 
feet—but] there has also been cre- 
ated alkihd of internal atmosphere, 

independent of the air 
is this private atmosphere 
p the cells are in direct con- 


of the intercellular air in 
eal that it may contain 
from 3) t¢-60 percent oxygen by vol. 
ear then that from a physi- 
ologica} standpoint there are no in-- 
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sumption that some kind of ‘vegeta- 
tion is seen on Mars, 

Although there may indeed be-no 
atmospheric’ osygen. on. Mars, it is 
still. quite possible that there is an 
invisible layer of oxygen concealed 
within the vegetation on that planet. 

Organisms ‘which can. survive. in 
our atmosphere above 56,000 fect 
probably can survive on Mars too, 
Such organisms, consisting of bac- 
teria, were collected in air samples 
during the -ascent. of the balloon, 
Explorer I, in 1935, at altitudes up 
to 65,000 feet. Later these bacteria, 
placed in cultures, grew, 

Comparing the physiological qual- 
ities of the atmospheres of earth arid 
Mars also demonstrates another 
point, This is, that a flyer or balloon- 
ist, rising above 56,000 feet, is ex- 
posed to virtually the same environ- 
mental conditions that occur on thie 
surface of Mars. This borderline is; 
so to speak, the Martian level or the 
Mars-equivalent altitude-within our 
atmosphere. Those who cross: this 
line are-entering, as it were, the at- 
mosphere of Mars while they are still 
a mere 1034 miles above our own 
Planet. If they are able to survive 
with proper training and equipment, 
they will be able to survive on Mars, 

And that, too, opens an intriguing 
possibility. It is highly’ improbable. 
that we will find any beiigs like our- 
selves living in the thin air.on that 
planet. Yet with a few mechanical 
aids—of a sort that we'now supply 
to pilots soaring into the upper levels 
of the atmosphere—a man should be 
able to maintain himself on Mars for 
a considerable time, 


Page 398 


Page 399 


EXTRATERRESTRIAL ENVIRONMENTS O4 b 
(Bloastronautical Aspect)* 
By 


H. Strughold, M.D., Ph.D.** 


For many thousands of years man has been and still is 
occupied with the exploration of the world immediately around him: 
his home planet Earth, the terrestrial environment, and its physical and 
climatic geography. The development of rocketry and astronautics 
in the twentieth century now directs his attention to worlds other 
than his own: to the planets and moons of the Solar System as 
potential targets for exploration through manned space operations. The 
extraterrestrial environments he will encounter in these undertakings are 
of two kinds: first, the environment found on the routes to other celestial 


bodies through which astronauts have to travel for days, weeks, or even 


months, t.e,, the space between the celestial bodies; and second, the 


environment on the target bodies themselves. For the purpose of manned 
space flight itis the question of the ecological qualities of the physical 


conditions, in both of these extraterrestrial environments we are 


interested in. Ecology is derived from the Greek word, Oikos, which 
means house or habliat. Ecology, therefore, is the science that 
Studies an environment as to its suitability to house Miving creatures. 
* Presented at Institute of Technology, Air University, Wright- 
Patterson Air Force Base, Ohic, 27 and 28 March 1961. 


** Professor of Space. Medicine and Adviser for Research, USAF 
Aerospace Medical Center, Brooks Air. Force Base, Texas 
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H. Strughold 

In a broader sense it is the science that studies the mutual inter~ 
relations between environments and living organisms. What we have 
to do then is-to-.conduct an ecological evaluation of the physical 
conditions found in beth of the above-mentioned extraterrestrial types 
of environments from the standpoint of manned space flight. Human 
safety, survival and performance capability during the flight in space 
and on the target celestial bodies are our first concern. This human 
physiological problem is the task of space medicine, In addition to 
this space medical aspect we are interested in the general biological 
question of indigenous or native life that may be found on the other 
calesitel bodies. For this extraterrestrial branch of ecological biology 
the term astrobiology has come into use. In this lecture we shall put 


the space medical aspect as it concerns the life 


of the astronaut. We might call it the bioastronautical aspect. 

In such a study, we must examine the medical consequences of 
the environmental qualities of matter and energies found in space and 
on the celestial bodies and consider the vital questions of how they 
can be utilized for astronatitical operations and whether or not they 
Tequire protective. measures for the astronaut. Concerning the pertinent 


physical data, we can now resort to the vast amount of knowledge 
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gained by means: of high altitude research rockets, satellites and 
space probes. More data may soon be cotlected by planetary probes. 
Conforming with a realistic-optimistic attitude toward the 
prospects of manhad space flight for this century, we shall confine 
this discussion to the realm of the Solar System. 
We shall discuss first the environment of the open space and 
then the environmental conditions found on <the planets and the. moon, 
I, Phe Environment of Space; 
In order to better understand the extraterrestrial environment in 
‘space, it is advisable to remember briefly the ecological qualities and 
functions of the terrestrial atmospheric environment. for human life in 
géneral and for manned flight. If we then examine the atmosphere in 


both of these respects throughout its entire extension, we get a 


picture of the transition from our terrestrial atmospheric environment 
to the extraterrestrial space envirenment and become acquainted with 
the basic properties, material contents and energies of space. 

By and large, the functions of the atmosphere can be divided 
into three principal categories: life supporting functions, life 
protecting functions, flight supporting functions and mechanical 


affects. Considering these more in detail we arrive at some dozen 
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different points: Concerning life supporting functions, the atmosphere 
provides us with the vital bicelement, oxygen, for respiration. With 
inereasing altitude the oxygen partial pressure decreases leading 

at 4 km (12,000 ft) to a subcritical, and at 7 km (21,000 ft) toa 
critical stage of hypoxia. For physiological intrapulmonary reasons 
at.16 km (55,000. ft) the oxygen supplying function of the atmosphere 
ends completely resulting in anoxia. Only a little higher at about 

20 km (63,600 ft) the total air pressure is no longer sufficient to keep 
our body fluids in the liquid state; they start to boil-~a process for 
which the term ebullism has been introduced. This is the most 
impressive and destructive effact of decreased air pressure and makes 


the situation hypercritical. For protection from both anoxia and 


has to be pressurized to physiological levels by compressing the 


ambient alr, This latter procedure, however, becomes impractical 
for technical reasons at an altitude of about 25 km (75,000 fi). From 
here on the cabin has te be pressurized from within, which means we 
need an atmosphere-~independent cabin of the same type. as required 


in space. 


The physiological phenomena so far discussed are brought about 
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by the loss of certain physiological effects. of the atmosphere. 
With further increasing altitude, factors of space enter the 
environinental picture. At an altitude of about 40 km :{120,000 £) 
we encounter the cosmic rays in their original form. Below this 
altitude and on theEarth’s surface we are exposed-merely to fragments 
of these energetic particles and to secondary or tertiary radiations 
produced by collision of the primary particles with the air molecules. 

The next space factor to be considered is electromagnetic 
radiation, x-rays, ultraviolet radiation, visible radiation and heat 
radiation. On the Earth's surface we are exposed merely to a 
small amount of ultraviolet radiation, to visible radiation and a 
certain amount of thermal radiation, because most of the radiation 
spectrum.is absorbed in the atmosphere; but at about 45 km (40,000 ft) 
the spectrum broadens considerably; at this altitude we are exposed 
to the full ultraviolet section of the electromagnetic spectrum and 
in the upper atmosphere we have to reckon with the whole solar 

[} 


electromagnetic spectrum from 6 A to radiowaves of more than 10 


meters. 


Of special sensory physiological interest 1s visible radiation 


or light. These rays are scattered by the air molecules to a considerable 


degree producing the blue daylight. In the lower regions of the 
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atmosphere, therefore, we. observe this. scattered Mght or indirect 
sunlight plus direct sunlight, but with increasing altitude due to 
the ranification of the air, scattering becomes weaker and consequently 
the indirect sunlight gradually disappears with the result that the 
sky appears darker and darker despite a bright shining sun. The 
darkness of space is reached at an altitude Zenroo km (6@-to-80~— 
~wmiles)} 
In the lower atmosphere, heat transfer takes place by conduction, 
convection and radiation. With increasing altitude only the latter remains. 
A very important physiological function of the denser atmosphere 


is that of propagation of sound. When with decreasing density the 


free path-length of the air molecules reaches the order of the wave 


higher tones are affected first and finally the lower tones are extinguished. 
The silence of space ig reached at an altitude of about 100 km {60~80 Miles). 
In the lower regions of the atmosphere we are protected from 
meteorites’, Most of them disintegrate in the altitude range from 
AO to 120 km (25 ta 75 miles). Beyond this altitude we are faced with 
the danger of hits by these bullets from outer space. 
Concerning manned atmespheric flight, the atmosphere provides 


aerodynamic support or Lift for an airplane and permits aerodynamic 
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navigation by control surfaces , The latter possibility comes to an 
-end at an altitude of about 100 km (60 miles), which is called the 
von Karman Line. Above this level, navigation and maneuverability 
is possible only by means of rockets. But above the von Karman Line 
there is still enough air to produce drag and frictional heating of fast 
moving craft. This aerodynamic effect terminates at about 200 km 
(120 miles), a level which is called the mechanical ‘perder of the 
atmosphere. 

This survey shows that with increasing altitudes the functions 
and effects of the atmosphere for life and manned flight gradually 
vanish and that the material contents and energies found in space 


enter the picture one by one until at about 200 km the environmental 


We can call the altitude levels where these specific changes 


take place the functional borders of the atmosphere. At these 
functional borders the atmospheric environment becomes space 
equivalent with regard to the particular atmospheric function or the 
particular space. component in Question. 

For all practical purposes we can regard the 20 km (12 mi) level, 


where the atmospheric pressure of 47 mm Hg has the same. physiological 
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effect upon the body fluids as a vacuum and therefore requires full 
antivacuuni protection, as the beginning of atmospheric space 
equivalence and the 200 km (120 m4) level as the beginning of true 
or outer space, 

Biotechnically, a vehicle crossing the 20 km line is an aerespace 
oraft although navigationally it may be still regarded as an airplane. 
The regions beyond the von Karman< Line are governed exclusively 
by ballistics, and motion beyond the mechanical border of the 
atmosphere is subjected to the laws of celestial mechanics or 
astrodynamics. 


Such is the picture of the transition from the terrestrial 


atmospheric environment through the atmospheric space equivalent 


i Stithmary then, we have to reckon with the following 
environmental situation in space-~no oxygen for respiration, no 
physiologically effective barometric pressure; no air available for 
prassurization of a cabiri; occurrence of high energy particles of 


Bandar by 
solar and ¢osmic origin in their original, primary form; the full 
° 
Tange of the solar electromagnetic spectrum from.5 A to radio waves 


of more than 10° meters; no indirect sunlight, but intensive direct 
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sunlight; heat transfer only by radiation; no. sound propagation, daaets - 


no aerodynamic navigation andno air resistance./ «: 


i 


The space beyond the effective terrestrial atmosphere is 
uniform throughout the Solar System with regard to certain properties 
associated with a-vacuum, but with regard to its oonsates is Aen i 
In this respect, it shows considerable topographical variations and 
temporal fluctuations, changes even more pronounced than we find 
in our terrestrial climate. We need a geographic approach to the 
extraterrestrial space environment, a kind of “geography” of space. 
The appropriate term is "Spatiography.” Following this line.of 
thinking, we shall now discuss the various factors in the environment 

H ergies 

We bagin with matter of leger dimensions, namely, meteoritic 

material. First aterminological remark! The light phenomenon | / 


produced by meteoritic material when hitting the atmosphere is. called 


mateor; shooting star, and in spectacular cases, fire ball. Meteoritic pleces 
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that survive ‘the friction heat encounter with the atmosphere and fall 
dewn to. earth are eonvantiatiy called meteorites, This same designation 
is also used for meteoritic matter that moves freely in space. Another 
term for this is meteoroids. 


Meteorites vary in. size from large lumps of matter to tiny 


particles as email as grains of sand, or even as small as white blood 


cells, The latter are called micrometeorites {’ Concerning their 
chemical composition, there are essentially three chamical types of 
meteorites: iron, stone, and iron stones. The iron meteorites consist 
of about 90% iron, 7% nickel and small amounts of other elements. 

The stony meteorites are very fragile and may resemble a loose 


assembly or all of dust. This different chemical composition 


fragments of a disintegrated plenet, which possibly orbited in the 


tegion between Mars and Jupiter, now occupied by asteroids, which 
may be remnants of the perished planet. Most meteorites are debris of 
disintegrated comets, All of these then belong genetically to the 


Solar System, But there are also some sporadic meteorites which are 


of galactic origin. 
The hazards from meteoritic material.result fom its very high 


velocities and its distribution in space. Meteorites crisscross 
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apace with = average velocity of 42 km per sec (25 mi-per sec) at 
the orbital distance of the earth, whereas micrometeorites have lower 
velocities down te about li. km per sec (7 mi per sec), but not less 
because évery material particle will be accelerated in the gravi~ 
tational field of the earth to this value, which is the escape velocity 
from the earth. For the same reason, the average velocity of 
meteorites is higher near the Earth than in free space. On the other. 
hand, near the earth, a space vehicle is shielded by the planet's 
body over a large solid angle so that the meteoritic flux 1s reduced 
to about one-half of its free space value. 


This brings ug to the fequency distribution of meteoritic 


material in space. The overall frequency increases with decreasing 


within the Solar Space. 
Meteoritic material is mostly found In the plane of the ecliptic. 
This reminds us of the evolution of the planetary system which 
developed from a flat disc of nabular gaseous matter with the sun in the 
center, Within the plane of the ecliptic much of the meteoritic 
vv 


material moves. imore or less avenly distributed streams which are tha 


orbits of disintegrated comets, of which most of the meteorites are 
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remnants as already mentioned, If the earth crosses such a stream, 
we seé for saveral days many more. meteors than usual, as for instance 
in August and November every year. If these streams contain loual 
concentrations of meteoritic material, and the earth runs into such 
a swarm of meteorites we observe the spectacle of a meteor shower 
as it happened inl86é6 and 1933. The space density of meteoritic 
materlal should also be greater near and within the belt of the 
asteroids, a second source of meteorites. All these meteorites 
belonging to the Solar System have, of course, a greater velocity 


fee, prensa ds | 
when they are closer to the sun and a lower velocity when they are 


farther away in their heliocentric orbits. Sporadic meteorites from 
outside of the solar system have velocities in the ofder of the third 
field of the sun. 

Now, the space medical implications of the présence of 
meteorites In space are obvious. The effects of a collision with 
meteoritic material are. threefold: puncture and surface erosion of the 
vehicle, and direct. hits of crew members. The probability of a hit 
by a meteorite capable of puncturing the vehicle has been estimated 


from one in two months to one in a year. The probability of a direct 
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hit of a crew member is lower by a factor of about 100. Be that as jt 
may, the occupants. of a space vehicle will have to know the 
consequences, Slow or rapid decompression of the cabin's 
agr has dangerous physiological effects, such as anoxia, dysbarism, 
and boiling.of the body fluids or ebullism, In such an emergency, 
the rate of pressure drop of the intra~cabin atmosphere and the 
corresponding time of useful consciousness, or time reserve, of 
the crew may offer achance to seal the leak. Also, suggestions 
have ibeen made for protection in the form of self-sealing devices, 
and of a secondary imill {a so-called meteor bumper) surrounding 
the cabin, Lo-break-dewr ant -disperse-the-eolliding-meteeritic-hody— 
‘dnto-fine-duet (PF. Whipple). 


space vehicle may affect the transparency of optical surfaces, the 


efficiency of heat~absorbing and reflecting surfaces, and radio 
antennas. From data obtained in artificial satellites we have some 
idea about the impact rate of micrometeorites: For instance 17 impacis 
on a sphere with a 50 cm diameter were recorded during 10 minutes 
time in our satellites. The Russians in their sputniks and space 


probes found 2 to 4 impacts per m@ in 100 0 sec. 
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Tt can be imagined that micrometeorite material might also have 
an erosive effect upon the psychological attitude of the astronauts 
who will nese frequent tinny sounds of impacts of micrometeorites 
contrastiag ominously against the otherwise deadly silence of space 
and will remind him that heis no longer under the protecting mantle 
of the earth's atmosphere. The aforementioned meteor bumpers 
might also take care of this by acting as meteoritic impact sound 
absorbers. 

I would like to add another point concerning hazards trom 
metecrites. As mentioned before the average velocity of meteorites 
at the eartn's orbital distance is around 42 km per sec (25 mi per sec), 


and the speed can never be less than ll km per sec (7 mi per sec). 


For comparison, the bullet of a conventional infantry rifle reaches a 
speed of 1 km per sec (0.3 mi per sec) and that of an average cannon 
1.3 km per sev (0.8 ini per suc). Buttaere is a difference in the 
peed as well as the frequency with which mateorites plunge initio the 
earth's atmosphére according to whether it is a head-on collison or 

a rear-end collision. As you know, ‘tne earth itseli moves with an 
orbital velocity of 30 km per sec {18.2 mi per sec) around the sun, 


In a head-on collision the impact speed and energy is greater, just 
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as ina head-on collision of automobiles. From midnight to noon we 
‘are on the forward side of the earth and from noon to midnight on its 
rear side; For this reason more meteors, about four times as many, 
are visible in the second~half of the night than in the evening and 
they have bluer fire trails due to higher heat of friction. This 
difference in the impact energy of meteoritic material applies of 
course also to collision events with space vehicles. 

The danger of meteoritic material for manned space flight is a 
real one. But at the present time we cannot define exactly how great 
the hazards are. Various tables about hit probabilities are found in 


the Mterature. Presumably they contain over-as well as under- 


estimates, They will be subject to revision after we have obtained | 


probes in the coming years. 

Material particles smaller than 0.5 micron are generally referred 
to es interplanetary dust. They may be pulverized meteoritic material 
or may be of cometary or even of lunar origin having been blasted off 
the moon's surface by impacts of large meteorites (Fr. Whipple). The 
movement of such submicronic particles is, in addition to gravitation, 


affected bylight pressure, and, if the particles: aré electrically charged 
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by magnetic field forces. Like meteoritic waterlal the dust is 


me tes 
mostly, concentrated tn the plane of the scliptic, with amensity of 


about 


particle in 10 cuble meters. 


The distribution of interplanetary dust and micrometeorites in fp 


the ecliptic plane is dense enough to produce the so-called 
zodiacal ight, a faint luminance within the zodiac, visible after 
sunset and before sunrise on clear, moonless nights. HK consists of 
sular light scattered by these tiny particles. Zodlacal light might 
be observed as far out as the region of Juoiter where micrometeorites 


and dust become sparser and.solar illuminance weaker. 


De a git 7 
Purthérore, Space contains gas icles found in numbers of « 


about 10 in 1 om, ane consisting mostly of hydrogen. In the 


soler wltravtolet radiation; consequently, space also contains electrons. 


In addition, the sun continuously injects large amounts of ions and 


electrons into space in the form of jet streems, The total number Ala 


- nearthe earth's orbit is about one hundred to several hundred slectrons ¢ 
tn tem. flectrically charged gaseous material 1s called plasma. 
Thus, the snvironment of space can be characterized as a very thin 


plasmatic medium. High speed atoms may cause on the surface of a 
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sige 


ct vehicle an effect called sputtering / aa eeh to ‘erosion. 


Se on 


” by blasting atoms out of the surface material, The, 


: ” whis Jeada vu us-to the energetic ene rays, electrons and 
atomic nuclei partially er completely stripped of their electrons, 
Their composition ranges from hydrogen nuclei or protons, to the 
nuclei of heavier atoms up to iron. Some of these particles have 
very high energies. It is customary to call those with energies above 
cf billion e. v. cosmic rays. They can be of solar or galactic 
origin and accordingly we speak of solar and galactic cosmic rays. 

I would Like to make only a few remarks about high~energy particles 
because thay will be discussed in more detail in other lectures, 


In interplanetary space, we generally have a steady omni~ 


directional flux of cosmic rays. But again, there are temporal 


a esaenna Ba OUGF PU PP=-N FST PEMPSSPNCT“PRY PORTETTSTT 7] PTB “T 7-7) 
fluctuations and,/for the less bighly energetic particles | regional 


‘ 


variations . 
alt 
We encounter the primary cosmic ray particles as low as 36 km 
{20 mi). Below this altitude they collide with the atmospheric 
molecules and-are transformed into the secondary and tertiary 
radiations to which we are normally exposed. In the immediate 
vicinity of the earth a space vehicle is protected from the primary 


cosmic rays from below by the shielding aolid body of the earth, 


just as it is with meteorites, 
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Tne most remarkable regional variation of the legs energetic 
corpuscular rays is related to the geomagnetic feild. They are 
ghanusled inte the polar atmospheric regions along the magnetic 
lines of force causing the polar lights. Over the equatorial regions 
some go through, others are defiected back inte space, and still 


others are trapped forming a huge radiation belt consisting of two zones, 


discovered by means of the explorer satellites in 1958 by J. Van Allen, 
The inner zone extends from about 800 km (500 mi) to 6000 km (4000 mi), 
It contains, in essence, trapped protons which are produced by beta 
decay of cosmic ray neuirons scattered outward from the fringe regions 
of the atinosphere, The outer zone consists, primarily, of electrons 


ejecteu from the Sun. 


The existence of this radiation balt is of considerable medical 


concern. Aithough more experimental studies on the spot with 


research vehicles are needed about the radiation intensity in the U.::- ae 
earih so mucn can be gaia: Relatively safe for manned satellite flight 
are the low orbits in a small corridor up to an altitude of 600 km and 
to the 46° latitudes north and south. Orbits within the Van Allen belt 

5 fury t. 
up to 14 earth radii, wliich we aan call medium orbits, are off-L{mits 


for manned space flight unless neavy shielding is used. Manned 
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ak 


satellite flightiin the high orbits beyond the radiation belt encounter 
the general omnidirectional flux of cosmic rays and occasionally 
the anagéeade jet streams of solar plasma and flare radiation. For 
lunar, interplanetary and planetary missions the existence of the 
radiation belt makes it advisable to use the leas dangerous polar 
regions as exit and re-entry routes, unless dashing with very high 
velocity through the radiation belt, plus proper shielding, keeps the 
dose below the mexdinum Joermissible level, 

This brief discussion of particle radiation leads us to that of 
solar electromagnetic radiation ranging from the ionizing x-rays 


and ultraviolet rays to visible rays and infrared. About x-rays 


Ultraviolet rays do not pose a problem for the astronaut because 


he is sufficiently protected from them by the hull of his vehicle. But 


pen wf rte unr 4 fe ot, Se 
I would like tofmention that their decreasing intensity with thoreeelng’ 


distance from the sun has had an effect upon the chemistry of the 
yin: Lesh ha (tte 

planetary atmospheres ineofir-as thése-tays-ate-teld responsibte-for 

the transformation of the primordial reducirig protoatmospheres into 


oxidizing atmospheres within the range of the inner planets. 
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In order of increasing wave length follows the biologically most 
important section of the electromagnetic spectrum: visible radiation 
or ight. , 
The light conditions in space are of medicobiological interest 
in two eden with regard to vision, and with regard to photosynthesis 
as a method for biological recycling of the respiratory and metabolic 
end products of the astronauts. 
The retina of the human eye is sensitive to the range from 
3800. to boo a of the electromagnetic radiation spectrum. This is 
the natural window, through which we percelve the visual panorama 


of the world around us and of the universe. , 

atlas se 

‘emical chlorophyll found in green 
° 


$ specifically attuned to the wave length 6600 A in the 


The photosynthetic 


red and 4400 A in the blue section of the electromagnetic radiation 
spectrum. | Chlorophyll, you will remember, ; is the enzymatic agent 
in the photosynthetic production of organic matter and oxygen.; 

, The light conditions in any environment are determined by 
the Kind and distarice of the light sources and the optical properties 
of the environment, i.e., transparency, its light refracting, reflecting 


scattering, and absorbing power. Mluminance, ive. , luminous flux 
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incident on a unit area, expressed an lux or meter candle (formerly 
foot candle) and luminance or photometric brightmess.or luminous 
intensity of any surface expressed in nit (formerly in miliilambert), 
ara the two photometric terms and units of measure internationally used 
for a quantitative analysts of a photic environment, 

We better understand the exotic Light conditions in. space 
by comparing them $5 hose in our familiar environment: the 
atmosphere, The atmosphere in its lower sia’ higher regions contains 
quintillions to quadrillions gas molecules in i cm’, and numerous aerosol 


patticles., Space, in the vicinity of earth, contains merely some 10 atoms. 


and some hundred electrons in the same volume unit. This accounts 


for the photie differences between these environments, The strong 


the visual spectrum, produces the blue sky light, and reflection 

of light by ice crystals in the higher atmosphere forms an aureole 
surrounding the sun and blurrs its rim. Behind this veil of indirect 
sunlight the stars remain invisible and the moon is barely discernible, 
On a cloudless noon at middle altitudes the luminance of the blue sky, 
about 25° from zenith is about 1600 nit, and solar illuminance at sea 


level can reach intensities as high as 108,000 lux. 
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nthe obhex nerd: in the almost perfect vacuum of sp ace there 
is no. indirect sunlight resuliing from scattering. The sky, therefore, 
is dark despite a bright shining sun. There is some faint background 
luminosity, the zodiacal ght, whichis also visible in the equatorial 
regions on earth, This is indirect sunlight reflected by dust and 
micrometeorites and may extend as far as the region of Jup iter. 
Nevertheless, the darkness of the sky in space is greater than that of 
the sky on a moonless night on.earth. The night air glow, a faint 
diffuse light emitted by atomic oxygen, nitrogen and sodium in the upper 
atmo sphere brought into excited states by solar ultraviolet radiation 
during the day gives the night sky on garth a slight bluish luminosity, 


Hoa war An renege Sept e 
Its luminance papain order of 1074 nit and that of the sky in space 


10°5 nit, i.e., by a factor of 10 lower. 


‘The , darkening of the sky begins at relatively low altitudes, as. 
‘Mertbbeknow. Observations at stratospheric levels have been made by 
Jean Pickard; A. W. Stevens, and O. A. Andersor at higher altitudes by 
D. G. Simons, and M. D. Ross; and M. L. Lewis. At 30 km (18 mi) 
ha luminance of the sky decreases to 30 nit and at 160 km (100 mi) ‘the 


final value 107° nit is reached. 
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Against thie low field brightness of the sky in space the stars 
are visible all the time and they do not twinkle because no atmos- 
pheric turbulence interferes. Also because of the absence of a 
light-+reflecting and light-scattering medium the sun now. shines 
‘without an aureole as a sharply outlined luminous disk on a black back~ 
ground. The sun's corona which consists essentially of dons and electrons 
and 6xtends as far as the orbit of the earth, scatters some of the light 
emitted from the photosphere, amounting totally to one-half of the 
brightnass of the full moon. But against the brilliance of the solar disk 
this will not be perceptible to the human eye. 

Solar Uluminance at the top of our atmosphere amounts to roughly 
140,000 lux. This extra~atmospheric value is occasionally called the 
solar illuminance constant. At sea level solar illuminance is maximally 
108,000 lux, as already mentioned. Such are the basic differences 
between the atmospheric and extra~atmospheric photic environment 
in nearby space during the day: a bright sun shining out of a blue sky 
of indirect sunlight anda brilliant solar disk sharply contrasting 
against. a permanent black. surrounding. 

The more or less evenly distributed, diffused illumination 


on @arth~~a very important general function of planetary atmospheres-~ 
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is missing inspace. The low field brightness or blackness 

of the sky in space. combined with an intensive illumination from the 
aia represents physiologically a strange optical situation approx~ 
dmated on earth only under artificial conditions; for example, in 
theatrical stage lighting. Everything that is exposed to sunlight-~ 
outside and inside the cabin--appears extremely bright; everything 

in the shadow is completely dark. Light and shadow dominate the 
scenery. This photoscetic condition poses problems in the fleld of 
contrast vision and retinal adaption, and requires special attention in 
human engineering of the space cabin windows, 

Now let us examine the light conditions tn deep space including 
the whole solar system from Mercury to Pluto. The darkness of the 
2kY does not change significantly except that it may become a shade 
darker in the extrajovian space because of the disappearance of the 
2@diacal background light. What interests us is solar illuminance 
because it varies according to the inverse square to the distance law (Table 1). j : 

From the value of 140,000 lux found at the earth's orbital distance it ! 
increases in the Sabie of Venus to 270,000 lux and at Mercury's 


distange to 940, 000: lux; it decreases at the distance of Mars to 


80,000 lux; at Jupiter's distance to 5,200 lux; and at the mean orbital 
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@istance of Pluto to 90 lux, The extremes on both sides of this 
scale of solar illuminance represent~ m a human physiological 


viewpoint~~a. hyperphotic and hypophotic zone with a more or less 


tolerable zone between the two, extending some 100 million km 
{60 million mi) in the sunward direction, andperhaps. several 100 
million km in the opposite direction, as seen from the earth's orbital 


distance, This euphotic or biophotic belt, together with the euthermal 


belt (see below) is an important component in the concept of a general 


life~favoring zone, or ecosphere, in the solar system. 


7 
(At this point it might be interesting to consider the apparent 


size of the sun as seen at the distances of the various planets. 


To an observer on Mercury, the diameter of the solar disk would i 
seen from. Mars, the sun would have a considerably smaller 
apparent dimension~~about two-thirds of the size familiar to us. 

At the distance of Jupiter, the sun's diameter is one-fifth as large; 
and at the distance ,of Pluto, the sun would appear only about three 
times larger than the evening star (Venus) appears to us under the i 


. 


f 


most favorable ‘conditions . 
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The illuminance from the sun at the mean distance of Pluto 
is still 90 lux; this is considerably above the threshold for color 
vision. Below 10 lux color diser imination becomes difficult. 

Solar illuminance decreases to this value in the region about 
three times the distance of Pluto, or about 18 billion km (or more 
than 10 billion mi) from the sun. Here, then, begins the colorless 
world of interstellar space, as far as it is related to the sun's 
illuminating power. And the sun, itself, as seen with the eyes of 
an interstellar space traveler, gradually joins the conventional 
astronomical scale of steller magnitudes. 

At this point it might be appropriate to raise the question about 
the limit of the utilization of solar light for photosynthetic recycling 
of the intracabin environment. es this respect carried out 
in botanical and eerospace medical institutions indicate that this 
limit ig found in the ragion between Mars and Jupiter. Beyond this 
region. tha nuclear power plant for light production gic & i cus 
independent’ closed ecological system. - on - 

Returning to vision, looking inte the sun.is hazardous, 


because this can cause athe: coagulation of the retinal tissue 
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or a retinal barn of the kind observed after atomic flashes or as often 
described in the ophthalmological literature under the nama of eclipse 
blindness, (scotorma helieclipticum) which can be acquired if a solar 


eclipse ig observed with an insufficiently smoked glass. In milder cases 


the injury may be a retinitis solaris. Precaution in this respect and 
protection of the eye by automatically functioning Might and heat { 
absorbing glasses. are indicated. The danger of a scotoma retinae 
solare ig acute as long as the sun appears as a disk with an angular 
diameter larger than about 2 or 3 minutes of arc. This is the case as 
far as the distance of Saturn, aa 


But let.us return to the photic scenery in the region of space 


which 1s of immediate interest to us: the arena of manned satellite 


gnt, and let us assume a standard observation sateliite a 12, 


altitude. From this altitude a territory of nearly 5000 km (3000 mj) 


in diameter is within reach of the orbiting astronaut's eya. He will 
have, of course, the impression that he is standing still in space and 


that the earth is rotating below him. But most important will be the 


earth as a source of light. The visible cap, if sunlit, may havea 


brightness ranging from 1000 to 30,000 nit, depending upon the 
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features of the landscape and cloud conditions. From’a 


distance of about 4 earth radii, at which, nearly the whole hemisphere 


can be overlooked, the mean albedo of the earth of 0.35 can become 
fully effective. At our assumed standard satellite height the 
#¥luminance of the solar light reflected trom the earth can reach 
20,000 lux. This might easily catse a dazzling glare, especially 
when the orbiting astronaut ae out of the earth's shadow. 

Not everywhere is thera sunshine and earthshine in nearby: 
space. There are'the umbrae and penumbrae of the earth and of the 
other not self-luminous celestial bodies, The umbra or full shadow 
of the earth extends in the form of a cone to 1,385,000 km; that of 
the moon 375,000 km, and the giant shadew cone of Jupiter is 90 
million km in length. 
wisible to the astronaut, because of the absence of light-scattering 
gaseous matter. He will become aware of them only when he is 
moving through them, in which case the sun is blocked out of the 
black sky. This is satellite night. The satellite night is always 
shorter than the satellite day. At our standard orbit it lasts only 


33 minutes as compared with 61 minutes of the satellite day. 
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Moving through the penumbra represents dusk and dawn for the 
satellite occupants, lasting only several minutes at.our orbital 
altitude, But there nor of course, Many variations in the dura=- 
tion of the paages of the satellite day-night cycle, depending upon 
the inclinationof the orbit. This day-night cycle situation requires 
artificial day-night cycling of the astronaut's phaseg of sleap, rest, 
and activity, which furthermore will greatly be influenced by the state of 
weightlessness. 

Now, the satellite night ts not only a night from a photic 
point of view, it is always a “cold” winter night because solar 
thermal irradiation is blocked out also. 


+,» Zhe thermal environment of spaca. Knowledge of the 


thermal conditions is important with regard to temperature control 


of the space cabin. But the temperature and heat jproblem in space 
is often misunderstood, because we usually think in terms of the 
heat climate on earth. Heat transfer in our atmosphere takes place 
by conduction, convection, and radiation. 

In the vacuum of space heat transfer occurs exclusively by 
radiation, Heat transfer by conduction from the few gaseous 


particles, even if they have a very high kinetic energy or temperature, 


i 
| 
| 
i 
j 
i 
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is practically zero. Heat transfer by convection also does 
not. ocour in space except in cases. when hot material is blown 
from the sun in’the form of jet atreams as far as the region of 
the earth and even then is negligible. So, heat transfer by 
radiation remains practically the only kind we have to reckon with 
fn space. 

At the top of the earth's atmosphere the intensity of heat 


irradiation {essentially infrared and visible light) 1s about 


2 cal em™* min7!, called the solar constant. On the earth's Ff) 

surface at noon and under favorable weather conditions, thermal : Hib 

‘rradiance is never higher than two-thirds of this value, because : 

of reflection of radiation back into space, and heat absorption by 
anos pherle Water Vapor and CaLDON LORIE sO STG ETS CELTS ST aL 


solar constant as @ base line, thermal irradiance at the orbital 
distance of Venus nearly doubles, and in the region of Mercury it 
is more than six times as high, namely 13. cal em72 min“l, In the 
remote region of Pluto it drops to one sixteen-hundredths of 

the terrestrial: solar constant; namely, a Uttle over 0.001 


cal om™4 min“! (Table 1). Such is the thermal radiation climate in 
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the solar space? extremes ia its inner and outer portions and a 
somewhat temperate ragion on both sides of the. orbit of the life- 
sustaining earth. 

These extreme variations in solar thermal irradiance require 
medifications in cabin temperature contro! measures for inter- 
planetary space operations or may even set Limits to them. In 
the. hyperthermal intramercurian space, astronauts would run into a 
Kind of solar heat barrier as symbolized by the legendary flight of 
Icarus. A penetration into the hypothermal regions beyond Mars 
and Jupiter would make the sun's rays too weak for utilization in 
cabin temperature control, and would then require a sun independent, 


nuclear heating system.. Both extreme situations are illustrated by 


called Icarus by his discoverer, W. Baade, Mt. Palomar, 1949. 

But tts very excentric orbit, which has a period of revolution of 409 
days, carries it also very far away from the sun. It has been estimated 
that the surface temperature of Icarus at its perlhelion some 39 million 
km from the sun or halfway between Mercury and the ‘sun rises to.some 


500°C and at the aphelion between Mars-and Jupiter it should 


an asteroid which comes very close to the sun and therefore has been 
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drop somewhat below thé freezing point of water. This natural 


celestial body shows us what we can expect for an artificial 


celestial body in the hyperthermal and hypothermal regions or 


the. solar space. 


At present, and in the near future, we are more concerned 


with the situation encountered in the more or less temperate E instel 
regions around the earth and out to Venus and Mars which we. might 

call the euthermal belt in the solar system. An carth satellite 
orbiting below the Van Allen belt is exposed to 2 cal om2 min™}, 
The temperatures measured within the shell of the Explorer and 


Vanguard satellites were well within the physiologically tolerable 


range, around 25°C, But here the shadow cones of the earth have 


to be included in or consideration. The slight variations in solar 
thermal irradiance on a trip to the 340,000 km distant moon are 
practically within the range of error of the terrestrial solar 
constant. An expedition to Venus has to reckon with & peak 
exposure of 4 cal om min", and in the neighborhood of Mars a 
space ship will encounter a low of 0,3 cal em™? min“, This + A 


difference of more than 3 cal cm~2 min@l, which means that 
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even within our euthermal zone it makes @ Great difference with 
regard to cabin temperature control whether the space ship is 
YVenus-bound or Mars~bound. Modifications of the heat absorbing 
and reflecting surfaces, however, should make it nota too 
difficult bioengineering problem to achieve a suitable equilibrium 
temperature (K. Buettner). But it is also obvious that on 

very long-lasting space journays (over many months) the optical 
and thermal properties of the surface of space vehicles will 
deteriorate due to micrometeoric and dust erosion. 


tomporal jessehed” Now most of the regional differences 


in the radiation climate in our Solar System which we have 


Bae T 


discussed are not in a steady state. Rather, they show temporal 


\ - 


latter are frequent and occur in the form of flares and eruptions. 


These phenomena on the sun's surface, associated with sun 

spots, are characterized by intensified electromagnetic radiations, 
ultraviolet for instance; and by ejections of huge amounts of 

ry particles, such as protons and electrons. These streams of 
solar plasma make themselves noticeable about 20 hours later 


4a gigantic polar lights within our atmosphere. As a result of 
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such solar aiontes the radiation intensity in the upper 
atmospheric polar regions of the earth and in the outer radiation 
belt may. reach, temporarily, values considerably higher than 
during the time of a normal, quiet sun. 
Asis generally known, the sun~spot cycle is of an eleven- 
year duration. The consideration of this time pattern may be 


important for scheduling manned space operations. 


The gravitational environment of space. A complete 


b 


picture of the blophysics of space must include a consideration of 
the gravitational situation in space, because the gravitational 
field forces determine to a great extent the. routes and velocities 


of space vehicles, and consequently the duration of their exposure 


fo_thS wari oils erde ual 


are particularly interested in the sphere of predominant gravitational 
influence of a celestial body. We call this volume unit in space, 
briefly, gravisphere. We can differentiate between an inner and 
‘outer gravisphere. The inner gravisphere represents the region 
within which the gravitational attraction of a planet is able to hold 
a satellite in orbit: Ttis the potential satellite sphere. The outer 


graviaphere Includes the distance beyond the potential satellite 
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sphere mere which the gravitational forces of a celestial body 
are still strong enough .to-cause considerable disturbances of the 
trajectory ofa space vehicle. For us, of most importance is the 
inner gravisphere, and it is this concept we have in mind when we 
talk of gravispheres in the following, The (inner) gravisphere of 
the earth extends to 1.5 million km (1 million mi), which is four 
times farther than the moon. Beyond this distance the gravitational 
field of the sun bechiies. predominant and a space vehicle becomes 
a Satellite of the sun, of planetoid. Table If] shows the radii of 
the satellite spheres of all the planets. They graw in size asa 
function of the mass of the planets and of their distance f om the 


sun, because solar gravity becomes weaker wit iner easing 


distance, Venus7~Mars;jupiter.” The sun's gravisphere extends 


to about half the distance to the nearest stars, i.e., 2 light years. 
The moon's gravisphere reaches te 59,000 km 4{36, 099 mi) 

from its ceriter. Whea a rocket crosses this earth~moon gravita~ 

tional divide it can, if properly guided in direction and controlled 


in velocity, become a captive or a satellite ofthe moon. The 


gravisphere concept makes i clear where a plsnetery space 


ends. and interplanetary and interstellar space begin. itis also 
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useful for & better understanding of the first, second, and third 
astronatttical, or cosmic, velocities. 


The first astronautical velocity is the orbital velocity - 


The terrestrial clrouler velocity near the earth's surface 

amounts to 8 km (5 mi) per second, ‘With ing easing altitude 

the orbital velocity decreases and the period of revolution of the 

satellite jacreases correspondingly, which is medically of Interest. 
Table IV shows the orbital characteristics {velocity and 

period of revolution) of earth satellites at freely selected 

alittudes beginning above the machanical border of the atmosphere. 

The orbits are. projeo123 against the topography of the Van Allen 

radiation belt. and accordingly subdivided inte 3 groups: those below 


no-Van-Alen-Belt-Ht ies) 1} ithin-the Van Allen Bel 


{medium orbits), and those above this belt (high orbits). 

The arena for manned satellite flight will at first be confined to 
low orbits, not higher than $00 km (600 mi), The intermediate orbits 
reaching up to the outer border of the outer zone of the Van Allen 
radiation belt, around 15 earth radid, are probably forbidden 
for manned satellite flights unless heavy shielding can be used. 


In high orbits, a satellite vahicle would be exposed solely to the 


Page 435 


Extraterresirial Environments 7 
H. Strughold 
general omnidirectional flux of the cosmic rays and to solar flare 
radiation. This shows us the importance of a combined consideration. 
of some ecological conditions and gravitational motion dynamics in 
space. Knowledge of the orbital flight characteristics also informs 
us how long a satellite vehicle travels through the shadow of the 
earth or is exposed to solar thermal and photic radiation, which we 
discussed earlier, 

Similar combined ecological and gravitational considerations 
can be applied to circumnavigation of the moon with the difference 
that the moon. has no radiation belt. This can be concluded from 


the recording of the magnetic field of the moon which is 400 times 


weaker than that of the earth. Consequently manned satellite 


levels. The lunar circular orbital velocity near the surface is 
1.6 km per sec (1 mi per séc), and one period of revolution takes 
1 hour and 48 min. Table V shows the characteristics of lunar 
orbits at selected altitudes. At 1000 km altitude it takes 

3.1/2 hours and at 20,000 km more Hib three days to orbit 
around the moon, Again the moon's shadow has to be considered 


in such circumlunar operations. 
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The basic circular orbital velocity Hs about 0.7 of the 
escape velocity. This is the second astronautical velocity. To 
escape from the earth's gravisphere into interplanetary space 
requires 11.2 km per sec (7 mi per sec) and only a little less into 
the lunar gravitational space. 

in additian to the strong initial acceleration associated with 
it, the escape velocity is of space medical itabest iva 
trajectory to another celestial body is based merely on this basic 
velocity with only a minimum excess propulsion available. A, 

' flight from the earth around the moon, based on such a “minimum 

senate orbit," would take less than a week. But a flight to Mars 


would take some 8 months of exposure to the hazardous environ~ 


w= Stal factorsof space. Continuous Slight acceleration would be SSS 
desirable to shorten the time te a period of a few weeks. But 
there is also a limit in this respect because very high speeds 
change the physical environment of the vehicle by increasing the. 
collision energy of meteoric material and dust to catastrophic 
proportions and finally cause appreciable Doppler effect in 
tie electromagnetic spectrum. In the direction to a star. 


infrared may thus become visible and visible light may turn into 
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ultraviolet and the latter into soft x-rays. The reverse 
would eccur in the radiation spectrum of a star left behind. But 
such ultra high speed phenomena will not occur on voyages within our 
planetary system because by the time the speed is increased to 
such a level by continuous slight acceleration (for instance of 
1/100 G) the space ship is carried out. of the solar system. 
It has then gradually built up the escape velocity from the gravita- 
tional field of the sun, which from the surface of this star ia 618 
km per-sec (380 mi per sec), and from the earth as starting point 


42 km per sec (26 mi per sec). This is the third astronautical 


velocity, which leads us into interstellar biophysical problems. 


This, however, is beyond the scope of this lecture, which is 


——_————_confinec- exciusivety-to-tire-biophysies-of thes parce-within ott —___—_ 


solar system, 

In summary, what we have tried to do in this discussion 
was to. examine the physical contents of space, which are essen- 
tially meteoric materials, dust, energetic particles, radiation 
quanta; and gravitational and magnetic forces. We took special 
notice of the fact that they are unevenly distributed over lage 


areas, and some of these regional differences are important in the 
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developinent ofan ecological cartography of space, or spatiography, 
one~ef-whase purposep is to chart the least dangerous routes. 

wr at subdivisions are conceivable and useful from 
the point of view of space flight? We might differentiate between 
the following subdivisions, beginning with that region where the 
space factors first enter the environmental picture; i.e., within 
the atmosphers. 

Atmospheric space~equivalence begins, physiologically, at 
20-km (12 mi), as manifested in boiling of the body fluids. 

True space begins at 200 km (120 mi), where the aero- 
dynamically effective atmosphere terminates. From here on we 


can make the following subdivisions: 


First, nearby Space is that region within which the miluence ~~ 
of the earth, due to its solid body, reflecting properties of its 
Ls surface and cloud cover, and especially due to its magnetic fleld 
(trapping of particle rays) upon the ecology of the environment is 
’ distinctly recognizable. This is the case up to at least 15 earth 
radi, ‘or 90,000 km (60,000 mi), (outer border of van Allen's 


radiation belt). 
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But the influence of the earth reaches ‘much farther into 
space with regard to gravitation. The sphere of predominant 
sdausisbiogi influence of gravisphere represents a larger spatial 
unit which ee: might call terrestrial space or, more precisely, 
the temestral gravitational space. It extends to 1.5 million km , 
(1 million mi), The terrestrial space is only one example of the 
category of planetary space. Others are the Martian, Venusian, 
Jovian (gravitational) space, et cetera, The gravisphere of the 


moon, which might be called lunar space, belongs in the same 


category; it extends to 58,000 km (34,000 mi). 


From the terrestrial gravitational space or other planetary spaces a 
vehicle enters interplanetary space, or more specifically the solar 


with interstellar space. 


Ecologically, as we have seen, the solar space contains 
a belt within the realm of the inner planets which with regard to solar 
electromagnetic radiation is not too hostile to space operations and 
relatively favorable for life on the planets. This zone can be called the 


ecosphere in the solar system. We may assume for it an-extension 
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But the influence of the earth reaches much farther into 
space with regard to gravitation. The sphere of predominant 
gravitational influence of gravisphere represents a larger spatial 


unit.which we might call terrestrial space or, more precisely, 


the terrestrial gravitational space. It extends to 1.5 million km 
(1 million mi). The terrestrial space is only one example of the 
category of planet space, Others are the Martian, Venusian, 
Jovian (gravitational space, et cetera. The gravisphere of the 
moon, which might he called lunar space, belongs in the same). 
category; it extends to 58,000 km (34,000 mi). 

From the terresttial space or other planetary spaces a 


vehicle enters interplanetary space, This huge interplanetary 


gravitational territory of the sun, or solar space, which blends 


far beyond: Pluto into interstellar space. 

Ecologically, as we have seen, the solar space contains 
a belt within the realm of the inner planets which with regard to solar 
electro radiation is not too hostile to space operations and relatively 
favorable for life on the planets. This zone can be called the 


ecosphere in the. solar system. We may assume for it an extension 
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of 50 to 100 million km, or 50 million miles, in both directions 
from the earth's orbit~-ihat means from Venus to the region beyond 
Mars : This will be the operational theater for manned space flight in the 
first decades of the Space Age. 
This subdivision of space, based ong ecological plus 
gravitational considerations gives us that picture of the space 
environment which, in terms of ecology and space medicine, ig 
required for the development of a sound and successful space 
program. An ecological spatiography of this kind refers, of course, 


“only to the space between the celestial bodiés. The ecological and 


gravitational conditions found on these actual astronautical targets 


Be The ee he 3 


aR re ae 
will be discussed in the nat leche FES 


lectures I discussed the biophysical conditions found in the space 
between the planets, with special emphasis upon the regional and 
temporal variations. In this way we arrived at a kind of geography. 


of space--what we called Spatiography. We now proceed to the 


second type of extraterrestrial environment, namely, that found on 
other celestial bodies, the planets and the moon. First the planiets{ | 


A description of the conditions on the planets with regard to 


life 1s called ecological planetography, or Planetary Ecology. 
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Recently the term Astrobiology has come into use and is perhaps 


generally better understood and is specifically reserved for the question 


of indigenous life on the planets. 


This problem has captivated the imagination of men since G. 


Sciiaparelli in Milano, 1877, descr ibed strange features in the image 


of M ars which he called canali. The discussion of life on other 
worlds reached its first climax in the studies and publications of. 
Percival Lowell in Flagsteff, Arizona around 1910, followed later 
by noteworthy publications of other authors. The progress made 
in rocketry, space technology, and space medicine since the past 
decade, has had a catalytic effect upon the occupation with this 
problem, as evidenced by numerous publications, But the Space 
Age put another question into the foreground; namely, what kind of 
environment will an astronaut find on the neighboring celestial 
bodies with regard to himself, i,e., from the standpoint of his 
aurvival? This will be the principal topic of this discussion. 

But the first problem, namely indigenous life cannot be completely 
separated from the second one insofar as guch living matter can 
pothaps be utilized for nutrition of the debonsutVonvernaty: may 
be harmful. The atmospheres of the planets, especially their 


chemistry, is the key problem in both respects. 
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therefore, we shall devote a considerable part of this lecture 
to the chemistry of the planetary atmospheres and other ecological 
properties. 

But, in-order to completely understand the chemistry of the 
planetary atmospheres in their present state, we must include. their 
Shae aise aoe desea their origin and historical development. 
As a paleoasiroblological model in this respect, we shall consider the 
evolution of the Earth’s atmospheres, about which several 
important publications are available. Actually, we should 
raach even deeper into the past, into the theories of the origin 
of the planets. But, due to lack of time, I would like to merition 


only that according to the theories of the past century (BE, Kant, 


P. de Laplace) and the beginning of this century the planets 


originated from very hot gas clouds, or very hot solar matter; in other 
words, in a hot fashion, According to theorles advanced during the 
past. 25 years (D.F. von Weizsaecker, H. Urey, G Kuiper), the 
planets were formed from peripherai solar dust of relatively low 
temperature, or ina cold process. With the accumulation of 

snatter their temperatures rose, secondarily, to some two thousand 


degrees. 
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Ta brief, the planets have gone through the following stages 
of development: primordial soler cust cloud--the phase of 
accumulation'of dust particles and planetesimals, or the pre- 
protoplanet; ihe emeky period of the final planetary body, or the 
protoplanet; and the early stage of the planet as it exists today. 
The agé of the Earth is eatimated to pe four billion years, while 
that of the solar system is about five billion years. 

And now, to the evolution of the Earth's atmosphere] For 
this purpose let us go back about two and one~half billion years. 
At that time the primordial Earth, having reached a temperature of 
about 2000°C, was surrounded by a gigantic thick blanket of 


water vapor, impenetrable to the Sun's rays. At these high 


When, in the course of millions of years, the Barth's sur= 


face had cooled, more and more water vapor began tc condense. 
and finally the entire water vapor contained in the air ralned out. 
As a result, tremendous amourits of water accumulated.on the 
Earth's surface and formed oceans of boiling water, This was 
the turning point from the astronomical or pregeologizal time to 


the geological time. After practically all water vapor had 
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condensed on the Earth's surface, the Sun's rays could penetrate 

the remainder of the transparent gaseous envelope and touch the 

ground, “this , then, was the hour of birth of the Earth's atmosphere 

and hydrosphere--seme two and one-half billions of years ago. 
The gases of the primordial atmosphere. or protoatmos~ 

phere showed a chemical composition very different from that 

of the present-day atmosphere. The present-day atmosphere 

contains, essentially, oxygen, nitrogen, and oxygen compounds 

such as carbon-dicxide. (@EESEGR.. It is an oxidizing atmosphere. 

The protoatmosphere, however, consisted mainly of hydrogen 

and hydrogen compounds suchas methane, ammonia, and helium. 


It was a reducing atmosphere. It had no actual oxidizing power. 


physical theories (1. Urey, G. Kuiper), the remaining water molecules 


at the border of the protoatmosphere were split by means of photo~ 
disseciation into hydrogen and oxygen by uliraviolet solar radiation. 
The lighter hydrogen escaped inte space, and the heavier oxygen 
remained. With the appearance of this initial oxygen the prote- 
atmosphere attained oxidizing power. This started a new decisive 
step in its development. Ammonia (NH) was oxidized to free 


nitrogen (N. 2) and water, and methane (CH,) to carbon dioxide 
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and water. During this prosess of evolution the primordial 
atthosphere became more and more oxidized. With the appearance 
of chlorophyll, about one and one-half billion years ago, this process of 
oxida tion sa accelerated by the process of photosynthesis. 

With this, blology entered the picture of the transformation of 

the Earth's gaseous envelope. The oxygen, photosynthstically 
produced , oxidized the remaining hydrogen compounds and a 
surplus of oxygen accumulated to rather large amounts, such as 

are observed in the present-day atmosphere, or we might say 
neoatmosphere. This stock of atmospheric free oxygen {0g) 

amounts to 1,2 quadrillion metric tons. It has been calculated that 
this total amount of 02 could be replaced, photosynthetically, by 


the present green vegetation on all the Earth continents within 


approximately 27,000 years. This demonstrates the effectiveness 


of photosynthesis. in the oxidation and oxygenation of our atmos~ 
phere, It has, without a doubt, surpassed by far the oxygen 
production by photodissociation of water, aforementioned. 

In this. whole oxygen complex and that of carbon dioxide, 
we must not considerthe atmosphere alone. The atmosphere is in 
a continuous gas exch ange with the hydrosphere, that is, 


with the oceans, lakes and rivers; with the lithosphere, that 
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is, the solid earth; and the biosphere, which represents the 
whole living world. A discussion of these interrelations, how - 
ever, goes.beyond the scope of this lecture. 

This survey shows how complicated the task would be to 
obtain a clear picture of the losses and gains in the oxygen 
balance of our atmosphere. Drastic changes are not to be 
expected in the range of recorded history. For the past 150 
years the oxygen content in the air has been constant. 

Summarizing, we find in the historical development of 


terrestrial atmosphere, two basic types. of atmospheres with 


pronounced chemical reaction tendencies and, logically, a transi~ 


tion stage between the two: 


1, Areducing protoatmosphere with a potential but no 


actual oxidizing power-~a non-oxidizing atmosphere. In this 


anoxic hydrogen atmosphere, which was found in the early phase 


of the. protoatmosphere, organisms are hardly conceivable. If, 
however, organic ompounds such as amino acids, etc., were 
produ ced from methane and ammonia and water by solar ulira~ 
violet radiation or other photochemically effective rays with 


some C02 available; anoxibionts could have existed in this 
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primitive atmosphere. These, then, would have been the proto- 
bionts on. our planet. 

2. A transitional stage with increasing oxidizing power. 
In this stage of the protoatmosphere, chem4u totrophs (iron-, 
sulphur-, ammonia, and hydrogen-bacteria) and photoauto~ 
trophs (chlorophyll-bearing organisms of lower order) could 
have existed. 

Large iron deposits such as those found in the area of the 
Great Lakes in the U nited States are the result of the activity of 
iron bacteria. These deposits are one and one-half billion years 
old, 

3. A highly oxidized atmosphere with strong oxidizing power. 
_—__________This type of atmosphere, which we observe todey, provided the 
SS SP Ae MSI AR SO DE 
basis for the development of higher plants, animals, and man. 

Somuch for the origin and historic evolution of the Earth's 
atmosphere, We must keep in mind that behind the scene of this 
chemical trans formation as the effective agent, was and is 
solar radiation. 


We can now proceed to our main topic: the atmos pheres 


of the other plane ts_and their ecological qualities. 
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It can be ass umed that the protoatmospheres of the ‘other 


planets, at abou t two to two and one-half billion years ago, had 
the same chemical composition as the protoatmosphere of Earth. 

Then it can be expected that they must have very different chemical 

properties now, since they have been exposed to diffe rent inten- 

sities of solar radiation corresponding to the ir respective 

distance; from the Sun. 

In the following, we sha ll consider the sieputaciae with 
increasing distance, as is usually done--rather with decr easing 
distance from the sun, since this sequ ence conforms. better 
with the foregoing discussion concer ning the chemical evolution 
of the terrestrial atm osphere. 

fable di- shows the-main-chemical-compenents-of the ——________________ 


planetary atmospheres in the order of their abundance. It also 


shows the distances from the. Sun. 

Approaching the solar system from the outside, we first 
encounter Pluto, the outermost planet. It is assumed that its 
atmosphere consists of hydrogen, helium, and methane in a 
frozen state. 

Neptune, Uranus, Saturn, and Jupiter can be considered 


here as a group. The atmospheres of these larger planets. con~ 
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sist mainly of hydrogen, methane, ammonia, helium, and _ 
probably frozen water. They are reducing and reduced atmos— 
pheres with no actual oxidizing power. -The similarity-of this 
composition to that of the protoatmosphere of the Earth is 
striking. Apparently, escape of these light element compounds 
has been prevented by the strong gravitational forces of these 
jarge planets. They seem to be preserved in a frozen state 
because of their greater distance from the Sun, 

The main constituents in the M. atmosphere are 
probably nitrogen, argon, and carbon dioxide. The amount of 
carbon dioxide is about twice that on Earth. Water is present 


in very small amounts, mainly in the form of ice and vapor. 


except that it does not contain oxygen, or only traces of it, 


During its evolution Mars lost most of its atmosphere because of 
the low gravitational force (38% of the terrestrial value). Not 
only hydrogen but also oxygen might. have escaped from proto~ 
Mars. The Martian atmosphere is an oxidized atmosphere 

with low potential oxidizing power and perhaps a low actual 


oxidizing power, depending on the presence of free oxygen. 
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The Venusian atmosphere ,too, is a completely. oxidized 
atmosphere. It probably contains. nitrogen and carbon dioxide-- 
the latter in large amounts, The presence of free oxygen is 
still a matter of astronomical dispute. Proto~Venus probably 
lost most of its oxygen by escape, due to the high temperature. 
caused by its proximity to the Sun. Water seems to. be present, 
accor ding to recent spectr ographic studies made in high altitude 
balloon flights. 

Mercury has no atmosphere at all. It probably could not 
hald an atmosphere because of its low gravitational force, and 


its high temperature, due to its nearness to the Sun. 


Summarizing, in the solar planetary system in its present 


i. Hydrogen and hydrogen compounds containing atmospheres 


found. on the outer planets, and 
2. Oxygen and/or oxidized com) ds containing atmos~ 
pheres on the inner planets with three varieties: 
the atmosphere of the Earth--a dense oxidized atmos- 


phere. with a high content of free oxygen. 
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the Venusien varlety+~a dense oxidized atmosphere 
with none, or only a small amount of free oxygen, and 
the Martian variety~~a thin oxidized atmosphere, also 
with only traces of free oxygen. 
.The group of the oxygen-dominated atmospheres of the 
inner planets form a kind of oxygen belt in the planetary system, 
and the Barth is the pronounced oxygen planet in this belt. The 
group of the hydrogen-dominated atmospheres represent a 
hydrog en belt, These two belts correspond exactly with the two 
basic: phases in the historical development of the Earth's atmos~ 
phere: the hydrogen stage some two and one-half billion years 
ago and the present oxygen stage. Indeed, we notice the same 
—______—____—_-s equence-whon-we-trayvel-through+the_-planetan_system,—beginning——— ——________. 
at its remote outer regions into those of the vicinity of the sun: 
a change from hydrogen and hydrogen compounds containing atmos~ 
pheres to oxygen and/or oxidized compounds containing atmospheres. 
The atmospheres of the outer planets; while beyond the effective 
range of solar radiation, apparently have preserved their hydrogen 
atmospheres of the protoatmospheric stage up to the present time. 
Chronologically; they are altefaboutths same age as thoge.of the. 
imrer‘phanets, but-yeunger ‘with-regard to their chemical. stricture. 
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which, unaffected by the Sun's radiation, still show the 
primordial features, They are still protoatmospheras. It is 
interesting to note that there is not a transitional type of atmos— 
phere in the planetary system; this can be explained with the 
existence of.a large spatial gap between Mars and Jupiter. 

80 much for the chemistry of the planetary atmospheres 
of the planets. They all belong to the same family of celestial 
bodies: but revolve around the Sun at different distances and, as 
a result, they show a different chemistry which is ecologically 
significant. 

Not less significant for life is the temperature of the 


planetary atmosphere which, too, 4s dependent on the solar 


ara found only in certain distance range. We can-call this zone 


biotemparature belt in the planetary system. Venus lies on the 
hot edge; Mars on the cold side; the Earth in the golden 
mntddle of this biotemperature belt. The group of the outer 
planets, with temperatures ranging from -140°C to -280°C, He 
outside of this belt of life-supporting temperatures. 


In about the same area, dependent on temperature, water 


is found; or is conceivable, on planets -in its biologically usaable 
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form; namely, in the liquid state. Shapley called this zone 
“liquid water belt" in the planetary system. 
And, a8 we have seen, we can also speak of an oxygen 


belt in the planetary system. 


With regard to the light conditions, we may also speak of 
a euphotic or biophotic belt. All of these belts are found at about 
the same distance from the Sun. 
To cover all of these ecological factors we can use, for 
this life-favoring zone, the more general term "Ecosphere" in 
the planetary system, or Helio-ecosphere. This ecological belt 
is a relatively narrow zone and represents not more than 5% of 


the whole range from the Sun to Pluto. We can use this concept 


- Recently it has been the subject matter of various publications 


with rgyard to other siars. 

From all of these general ecological considerations it 
seems to follow that, besides the Earth, only Mars and perhaps 
Venus, may qualify as bioplanets. 

On the outer planets, microorganisms, such as hydrogen 


bacteria, methane bacteria, etc., are conceivably just the 
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same as in the terrestrial protoatmosphere, but the low temp- 
erature would seem to dispute this. For visiting astronauts 
these planets are not very inviting because of their 
atmospheric chemistry. 

In conchiding this general planetary ecology, we can state that 
the planetary family of the Sun can be divided into two sub-familles: 
one Still surrounded by protoatmospheric material of archaic cosmic 
times protoatmospheric planets, the other enveloped by a newer 
atmospheric type produced from the protoatmospheric phase 
by ultraviolet solar radiation! {reoatmospheric planets}. It is doubtful 
that the protoatmospheric planets from Jupiter to Pluto with their 
deep freeze temperatures can harbor any sort of indigenous life; 

———-———ai-Hi-seeme-te-be-advicablo—for-astronauisto-keep their nose-out——_____________ 


of their ammonia flavored primordial atmospheres. Only the planets 


Venus and Mars show Diophilic tendencies and are therefore 
attractive for astronautical operations. What do they offer in this 
raspact? 


Individual Planets: 


Venus, planet 2 in the Solar System, constantly and completely 
covered with dense clouds probably consisting of carbon dioxide crystals, 


is wrapped in mystery concerning its surface features. Is the surface 
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a dry desert, or divided into continents and seas, or completely covered 
with water? This question remains hidden behind the optically 
inpenetrable cloud canopy. Traces of weter vapor have been 

spedtty oscoptcally discovered in the atmesphere from high altitude 
balloons. Tlie temperature of the cloud surface is a little over 40°C 
on the dark side; a few degrees higher (-37°C) on ths sunlit side. 

But on the planetary surface the thermal enviroament might be rather hot 
due to a greenhouse effect in its carbon dioxide rich atmosphere. The 
upper atmosphere shows strong airglow, about 50 times stronger than 
the terrastrial atmosphere, which might give the Venusian sky at.night 
some luminosity, Night alr glow is caused by emission of light from 


molecules and atoms, brought inte excited states by solar ultraviolet 


Wepends on the thickness of the cloud cover; our knowledge about this 


is at prssant just as obscure as the extension of the. cloud envelope. 


Polar lights have heen observed in the telescope which indicates the 
existence of a magnetic ficld. If this is so, than Venus should be 
surrounded by a Van Allen type radiation belt. This raises the question 
of shielding of a space vehicle and the question of the altitude of its 


parking orbit bofore the astronauts try to make a landing on Venus, for 
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which they have to choose the Polar regions as entry and exit routes, as 
on Barth. The Venusian gravisphere extends to 1 million km (0.5 million 
mi.). When a space ship has crossed this line, it is in the gravitational 
grip of Venus and can become a captive or a satellite of our evening 
star. But so far as we know, Venus, despite its attractive name, offers 
no paradise to visitors from Earth. For them it might be even a forbidden 
planet, with the exception of the Polar regions. which might have 
tolerable temperaturas. And the problem of indigenous life too remains 
open to the dreams of fantasy. All in all at praesent we can only indulge 
in ecological speculations about this mystery planet, until Venusian 
probes provide us with reliable physiological, and I hope 


ecologically more favorable, data. 


This is different with Mars, Planet 4 in the Solar System. The 
Martian atmosphere is rather transparent and permits observation 
of the planet's surface, A vast amount of physical data gathered by a 
number of Mars researchers such as Schiaparelli, Antoniniadi, P. Lowel, 
Manunder and recently by Spencer Jones, Kuiper, De Vaucouleurs, Dallfus, 
and Tikhof is available for a medicophysical and biophysical evaluation. 
Of primary interest to the astronaut will be the question of 


what kind of atmospheric environment he would find there from the 
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standpoint of Human physiology, especially what protective measures 


he would have to take for his survival, As soon as a space ship comes closer 


than 2 million kilometers to the planet Mars it has entered its 
gravisphere. : ieee, its Sphere of dominiant gravitational attraction. 
Atmospheric entry will pose fewer aerodynamic, aerothermodynamic 
and pertinent physiological difficulties than are encountered in the 
terrestrial atmosphere because of the lower air density, 
The sdoat likely chemical composition of the Martian atmosphere 
accor ding to de Vaucouleurs is as follows: 98.5 per cent nitrogen, 


1.20 per cent argon, 0.25 per cent carbon dioxide, and oxygen 


0.12 volume per cent, 


The barometric pressure at ground level (there is, by the way, 


is about 70 mm Hg. or 95 millibar. This pressure corresponds io an 
altitude of 16 km, (55,000 ft) in our atmosphere. Barometrically, 


this altitude is the Mars equivalent level in our atmosphere. The 


_ oxygen pressure at ground level on Mars is probably lower than it is 


in our stratosphere. 
Pilots flying at altitudes aboue 55,000 feet must wear a full- 


pressure suit. The same would be required for an astronaut on Mars 
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when he leaves the sealed compartment of his space ship or the 
Mars station, and after some hours, depending on the efficiency of the 

; equipment, he has to return into the more convenient sealed 
compartment of the ship for station which should have its landing place 
or location in the lowlands’ because in the thin Martian alr every 
millimeter of Mercury of barometric jpressure counts. Such a depressed 


area, for instance is the Trivium Charontis, a dark greenish patch 


several thousand feet below the levei of the surrounding desert. ~- 
In the event of @ leak in the sealed compartment or in the pressure 
suit, the astronaut would encounter the same rapid decompression 


effects including anoxia and aeroembolism as the pilots do in our 


atmospheric region at about 50,900 to 55,000 feet. He would not, 


“boiling” of body fluids . This effect becomes manifest.on Mars at 
an altitude of 3 1/2 km, (12,000 ft) which corresponds to 20 kmor 
53,000 feet in our atmosphere. These are the essential points which 
must be considered concerning physiological air and oxygen pressure 
levels for an astronaut. A factor which might facilitate the oxygen 
requirement and the mobility of the astronaut is the relatively low 


gravity on Mars, which is 38 per cent of that on Earth. 
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H. Strughold 


This gravity velue which is less than one half of that on Farth 
will probably poss no physiological problems except. perhaps. some 
temporary changes. in blood pressure, The blood pressure in the 
upper part of the body, on Mars, will be somewhat higher because 
of the devrdadod hydrostatic pressure, In this case the blood 
pressure is more evenly distributed over the whole body, But the 
nervous regulatory system of the blood vessels might counteract 
this effeci after some time. 


The temperature in summer during the day in the equatorial 


regions may reagvh 25°C. After sundown when the temperature drops 


very quickly to --45°C., the Mars station must provide adequate 


protection, 


Harmful effects from solar ultraviolet rays can he disregarded. 


Even if they were not sufficiently filtered out by the Martian 


skin of the astronaut is always protected from 


atmosphere, 
sunburn by the respiratory equipment or by the cabin, 

Health hazards from primary cosmic reys are probably not to 
be expected béezause of the atmosphere's absorbing power. 


The same certainly would be true concerning meteorites. 


Page 461 


62 


Extraterrestrial Environments 
H. Strughold 


At the top of the Martian atmosphere, solar illuminance amounts 
té 60,000 lux. If we allow 30 per cent for loss of light by absorption, 
scattering and reflection by the Martian atmosphere, then the 
intensity of daylight on Mars is of course lower than on Earth, but 
still in physiologically desirable limits. The color of the sky is 
probably whitish blue due to scattering of light by the various hazy 
cloud layers, 

Finally, an adaptation of the astronaut to a different day~ 
night cycle is not necessary because the day-night cycle on Mars 
is only thirty-seven minutes longer than that on Earth. Such are the 
élimatic physical environmental conditions that a terrestrial 
explorer probably will find on Mars from the standpoint of human 

———_—_-—____——physielogy-~or-in-other-words,-with-regard to himself__Astrange 


"second earth!” 


What about the biotic environment on Mars~-the question of 
indigenous life? I would like to omit this question in this 
Jloctiire because this will be discussed in a special lecture later, 
Instead, I would lke to continue our medical ecological discussion with 
regard to our nearest. neighbor, the Moon. There is no question that 


the first target for manned space operations will be a trip to the Moon. 
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Extraterrestrial Environments , 
H. Strughold 


Since it has practically no atmosphere there are some drastic 
differences compared with the ecological situation encountered 

on Mars . The barometric pressure on Mars is equivalent to the air 
pressure on earth found at 15 km. The atmospheric pressure 

on the moon has been estimated to be equal to that at.500 km 


altitude on Earth. Whereas ths Martian atmosphere offers shme 


a | Ghee 
protection from cosmic factorsy the Moon has nothing to offer: no 


physiological air pressure effect, no absorption of cosmic rays, 
no absorption, scattering and reflection of electromagnetic solar 
radiation and no absorption of meteoric material. The antivacuum. 
pretesting-and life-supporting systems have to be the same on a 


moon basé as on a Mars station. Such stations, if permanent, require 


———_hiolagic,_i.6., photosynthetic recycling of the intracompartmant 


environment in contrast to that employed in space ships in which 
chemical recycling can do the trick. In contrast to a Mars 

station, a lunar station will require ee from iat energy 
particle rays and from impacts of mintaoritio-funt the s same as in open 
space, The intensity of solar electromagnetic radiation on the Moon's 
sunlit side is practically the same as at the top of the Earth's 


atmosphere. Thermal irradiance, therefore, is in the order of 2 cal/ 


ém*/min. This can heat up the lunar surface to a maximal. temperature 


-of 13.9 °C. The surface temperature on the shadow ait. o* the 


; moon may drop to near zero absolute before sunrise. Similarly, 
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solar dlluminance can reach 140,090 lux on the sunward side and zero 
illuminance on the other side. I would like te elaborate a little more 

in detail on the visual panorama as seen from the Moon, because vision 
is always anc averywhere perhaps the most vital psychophyaiological 
factor. 

What kind of scenery in the sky will be unfolded before the eyes 
of a visitor:on the Moon? 

The predominant feature will always be a black sky despite a 
bright shining sun, because there is no light-scattering atmospheric 
medium as on our earth. The stars therefore will be visible 
all the time, and they will appear brighter; they will not twinkle 


because. no atmospheric turbulence interferes. The Earth, of course, 


will always attract the astronaut's eye as a beauty of a celestial 

body, if not for sentimental reasons. Its size is more than three times 
that of the Moon, as seen from the earth. The Earth's reflected 
sunlight is essentially bluish in color. A certain area-of the 

planet will also show the moonlight on the sarth just as we see from the 
Earth the earthlight on the Moon's visible dark areas. Although 
appearing much smaller in diameter than the Earth, the bright solar 


disk is the dominating celestial {igure in the Moon's black sky. Its 


I 
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H. Strughold 

ituminance ts about 30% higher than as on Earth. Because more than 
80% of solar light is absorbed by the lunar surface, the sunlit 

terrain should. appear to a visitor not brighter than the landscape 
appears to us on Earth on a sunny day and probably in brownish 

color, As.we have seen, the soler Light intensity is high, but'the sky 
is dark! Light~scattering ceilings on a lunar base and ght scattering 
visors attached to the helmet of the astronaut may be useful to weaken 
and diffuse the sun's concentrated burning rays, and to produce sky 
conditions to which we are accoustomed under the blue dome of the 
terrestrial atmosphere. Looking into the sun ds hazardous because it 


might easily produce a retinal burn of the kind known to ug df one observes 


a solar sclipsa with an insufficiently smoked glase. Caution in this 


automatically functioning light and heat-absorbing glasses must be 
considered. 
Sa much about the photic environment on the Moon, the most 
intriguing component in the lunar environmental complex, 
In summery the biological index of the Moon {is this: 
Agr pressure zero 


therefore Oxygen condition Anoxla 
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Ebuliisms occur on the lunar surface 
Total solar irradiance maximally 2 cal/om*/min 


Temperature of surface +130°C to zero 


Solar illuminance 140,000 lux to zero. 
Albedo 0.07, i.e., only 7% of the 
ght is reflected 
. Period of rotation 27 days 
Gravity 3%. 0.17 G. This makes life easier 


biodynamically, but requires 
gymnastics to prevent weakening] 
of the muscular system and has 
hemodynamic implications con- 
cerning blood pressure 


Gravisphere radius 60,900 km 


velocity of escape 2.5 é é 


To cope with all these ecological factors is a difficult task for 


space technology and space medicine, but not an impossible one, 

In ona way, lunar is friendlier and more inviting to a visiting 
astronaut. The Russians found, last year, that the magnetic 
field near the Moon‘s surface is 400 times weaker than that of the 
Earth. If this is true. then the Moon has no radlation belt, which would 


facilitate orbiting around the Moon and the landing maneuver considerably. 


i 
| 


Page 465 


Es wTesirial Environments 
H. Strughold 
Studies of the medical problems which will be encountered om a 
trip to the Moon and on the Moon started in sclantific institutions 
of the Air Force more then 10 years ago. Today; several industrial firms 
- and aircraft companies. are also working om 2 meon base simulator. 
I would like to mention also that thé fewly founded International 
Academy of Astronautics last Santember in Stockholm appointed a 
committee. of 12 members of 6 nations to prepare a blueprint for the 
creation of 2 Iunar International Laboratory. Ths project is called LIL, 
All thie shows serious efforts are now being made nationally 
and internationally for the exploration of the Moon an the Moon, 
And of course, a lunar expedition must be regarded as the frst 


step in a series of more extended astronautical expeditions: to Mars, 


to Varrrs;, and tater on Mayne to Maroury and to the outer planets and 


their moons. 
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ANEW LOOK AT MARS SINCE MARINER IV 
Medical-Biologicai Aspect 


Hubertus Strughoid, MD, PhD 


The mysterious planet Mars has recently agein come into the 
Hmelight; this time, with close-up photographs made by the planetary 
probe Mariner IV during-a 50-minute fly-by on August 14, 1965. Before 
this historic achievement of the new and fast-developing space-bound 
astronomy, our knowledge about its atmosphere and surface features 
was based on telescopic, visual, photographic, and spectrographic 
observations of earth-based astronomy. And before the availability 
of the telescope this wandering star-~conspicuous because of its reddish 


color--wag viewed as an ominous sign throughout the Middle Ages, dating 


logy of the Romans and Greeks. who named ft 


after their god Mars and Ares, respectively--the symbol of War. But 
Mars was also ‘venerated as the patron god of agriculture. Strangely 
enough, this generally not so well known symbolic association with a 
peaceful occupation, foreshadowed, so to speak, a modern aspect of 
Mars.as a plantlife~harboring planet, inspired by telescopic observations 
of dark blue greenish areas, covering about 25% of the otherwise ochre- 


reddish Martian surface. 


Speech presented at The Dining-In at Ellington APB, Texas, on Oct 39, 
1985 


An evén earlier report by Giovanni Schiaparelli, Milano, 1877, 
of his observation of canali on Mars, fedPercival Lowell, Flagstaff, 
Arizona, 1510, to the assumption that there were intelligent being on 
that planet. This belief is no jonger held, but tha possibility of some 
vegetation on. Mars has been the subject of many publications, with 
pro and con arguments, during the last two decades. And since Mars, 
with the fast development of astronautics, is consideted the first post~ 
lunar target for a manned expedition, an evaluation of its environment 
from a human physiological or medical point of view, has become an 
important task, All these endeavors received a strong impetus by the 
Martian probe, Mariner IV, the results of which have opened new vistas, 


have confirmed older theories, and require a revision of others. 


It is a great privilege for me to have been invited to attend this 


ment of Mars as we see it since the Mariner IV rendezvous. 

A madico-btological analysis of any planetary environment must 
include the following components: the gravitational field; the magnetic 
field; the atmosphere; lithosphere, or stony surface; the occurence of 
water or hydrosphere; and finally, the possibility of the existence of 


native life, or of a biosphere. From a bioastronautic point of view, 
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it is practical to consider these various environmental components in 
the same sequence as astronauts would encounter them on a planetary 
land inigston. Let us, therefore, imagine that we ara in a space ship 
on the. way to the planet Mars. 

Gohesratng the flight trajectory, I should like to mention only 
that from a medical point of view it should be a "high-energy trajectory” 
and not a “minimuni-energy trajectory" in order to shorten the duration 
of the journey from 8-1/2 months to at least 30% of that time, which 
might be achieved by novel types of propulsion. 

As soon as our space ship, which we might name " Marsella," 
comes closer than one~half million kilometers to Mars, it enters its 


sphere of predominant gravitational attraction or inner gravisphere, or 


satellite sphere, and can now go into 4 parking orbit for observational 


this distance, the gravitational attraction of Mars gradually becomes 
noticeable in the vehicle's trajectory and velocity, as was actually 
observed on Matiner IV. 

fhe question arigaa: Are there radiation hazards for an orbiting 
vehicle from a Van Allen-type radiation belt? A prerequisite for the 


existence of a radiation belt would be a Martian magnetic field, strong 


enough to trap particle rays. The region within which the Earth's 


magnetic fleld ferces are effective to influence the flux of such rays 


has been termed “magnetosphere” (Thomas Gold}. Since Mars, among 


the metallic-rocky planets, which are the inner planets, is considered 
more on the rocky side, its magnetosphere, if it exists at all, should 
be weaker than that of the Earth. 

}iariner IV answered this question. Its measurements by means of 
magnetomaters and radiometers showed no magnetic forces and consequently 
no radiation belts, 

On Earth, the space below the Van Allen Belt, up to 300 km, poses. 
noc radiation hazard; but the regions within the radiation belts. are “off 
limits” for manned orbital flights. But, since Mars has no radiation 


belts, there are no restrictions in this reepect. 


i as 


The lower altitude limit of our parking orbit, with a useful 
orbital lifetime for the pre-landing maneuvers, depends on the extension 
of the mechanically effective or sensible atmosphere, and this mechanical 
border is determined by the total atmospheric mass, gravity and temper- 
ature, which together are responsible for the surface air pressure and 
density and their vertical altitude profile. On Earth, with gravity 1g 


and-air pressure of 760 mm Hg. or 1,000 millibar, the sensible 
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atmosphere manifested in drag is found around 150 to 200 km. The 

j pre-Mariner estimates for the surface air pressure on Mars ranged from 
35 down to 20 or 10 millibars. But the radio occultation experiment 

| ae 


performed in Mariner f¥ indicates that the lower values are correct, 
: : : ay 4 


Inthka.case,.the border of the effective atmosphere might be estevnns- 
‘ pnt i pe bondi. UPd ade 
pci Fost ce fe ete f fe 44 


Bet gfeordice ian 


‘But the tanaing maneuver’ er dae 


probably could not be done by aerodynamic breaking and by parachutes, 


as on Earth, but rather exclusively by retro-rockets, as on the Moon, 


The surface air pressure and chemical composition are of special 
j medical or physiological interest. If we assume the earlier suggested 


pressure of 85 mdlitbar, {derived from Rayleigh-seattering measurements), 


| such an atmosphere would be pressure equivalent to 17 km in our 
: : 
| 


. but boiling of the body fluids or ebullism would not occur below 5 km, 


corresponding to 20 km in our atmosphere. However, if the pressure 
of .20 millibar is correct, as indicated by. Mariner IV, this would be 
equivalent to: 30 km on Earth, and boiling of the body fluids would be 
encountered by unprotected terrestrial visitors, even at ground level. 
Be that as it may, they would have to sie full pressure suits outside 


\ 
| the Martian station, The ground station itself, of course, has to be 
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a closed ecological system with an artificial atmosphere. The chemical 
composition of the outside air probably includes nitrogen, argon, 
and carbon dioxide~-an assumption based on extrapolation of general 
planetary evolution, and confirmed by Mariner IV. Whether or not 
the nitrogen and argon could be utilized as resources for the pressuriza~ 
tion of the Hving quarters in the Mars station as a diluant of oxygen 
in a two-gas atmosphere, and the carbon dioxide, in addition to that 
exhaled by the occupants, could be made available for an oxygen~ 
producing photosynthetic system, is a bioengineering probler:. 
(Nitrogen, too, is needed by green plants in such a system, for the 
‘buildup of protein). 

This photosynthetic process requires light, as the name indicates. 


There should be no problem in this respect, since solar illuminance 


ee ee nn 
“aes eR RRR A RCE een RACAL WEES LA AA LS UE 


can reach about $0,000 lux at noon in the equatorial regions, 1.¢., 
about half of the maximal value on Earth. 

The Martian. sky, as seen through the windows of the station, 
or the visor of the extra-stational suit, should appear somewhat 
different from thet on Earth. Its color during the day is probably more 
dark blue, due to less scattering of light in the thin atmosphere, with a 
whitigh-blua tinge in the regions of the white clouds, which are 
comparable to our cirrus clouds. During the night the stars might 


ba more brilliant, even if some of their Ught is reflected by the windows 


ex) 
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or visors--and they would not twinkle, The size of the sun is about 
two-thirds of the diameter, as seen from Earth. Looking directly into. 
the sun is not advisable since its retina~buming power teaches much 
farther than Mars-~possibly as far as faturn. And, finally, the 
Martian day-night cycle--only 37 minutes. longer than that on Earth, 
will pose no.sleep~and-activity cycle problems. In general, then, 
the light conditions on Mars should be agreeable for terrestrial 
visitors . 

This {s different conceming the temperatures on Mars. Whereas, 
at the top of the Earth's atmosphere, solar thermal irradiance amounts 
to 2 cal em”? min”? ., known as the terrestrial solar constant, at the 


z 1 


mean orbital distance of Mars it amounts to only 0.84 cal em™“ min™. 


at least 25 degrees Celsius below that on Barth. During the day 


the surface temperature in summer in the equatorial regions may reach, 
maxiinaliy, 25°C, which is ecologically close to an optimum; but 
after sundown. the temperature drops very quickly to ~45°C , and even 
lower, due to radiational cooling. A summer night on Mars is always 
like an Aretic winter night.on Zarth. But the astronauts ate protected 
in their air-conditioned Mars station. 


In addition to light and heat radiation, which are electromagnetic 


Page 47! 


waves, we must also consider particle rays coming from the sun and 
the galaxies. Thesé can be harmful to life. On Earth we are protected 
from some of these primary cosmic rays by the trapping effect of the 
magnetosphere} and those particle rays which each the atmosphere 

are trangformed in colilsions with the air molecules to less powerful 
secondary rays, to which we are exposed on the farth's surface. 

The particle rays lead to an lonization of the upper atmosphere, and 
thay produce the so-called night airglow and the polar lights. On Mars, 
with no magnetosphere, they uniformiy bombard the thin atmosphere 
from al) direction and might ionize it completely and produce airglow-- 
put not polar lights. A certain amount of these primary particle rays. 
might reach the surface of Mars, which means there. is. no atmospheric 


rotection from the so~called solar wind, as on Earth. The terrestrial 


exit ROLSCHOR Tom tR6 "SO TCALLOS BOI: We ee ee 
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atmosphere also protects us from micrometeoroids, and only larger pieces of 
meteotitic material reach the ground and gigantic ones produce craters 

like that In Arizona. On Mars, even micrometeoroids might reach the 
ground. Moreover, since Mars is very close te the Belt of the Asteroids 
there should be many more impacts by macrometeroids than on Eart h. 

This was suggested. several years ago by Clyde fombaugh, discoverer 

of Pluto, and now confirmed by the magnificent close-up pictures of 


craters made by Mariner IV. 
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‘When we start the landing maneuver with our Space Ship “Marsella", 
we don't need to worry about plunging into a Martial ocean. Ifwe 
ignore the ice or hoarfrost~covered polar regions, identified as 

Hz O by G, Kuiper, there are no open bodies of water, i.e., no 
hydrosphere in contrast to the Earth--71% of whose total surface area 
is covered with water. The Martian surface, therefore, must be 
Classified as lithospheric. 

The lithosphere on Mars represents an area of 14.5 million km” : 
Three~fifths of this area is reddish in color; two-fifths is dark bluish- 
green, and called "maria," or seas. The relief is rather smooth, with 
some mountains not higher than 2,000 meters (in the polar regions) 
and with some lowlands, approximately 1,000 meters below the general 
ground level. The reddish area is considered to be a huge monotonous 


Lomeversd with minerat 


and felsite--an aluminum and potassium silicate), The dark areas, 
however, have always attracted special attention. Their seasonal color 
changes, similar to those observed in terrestrial vegetation, and pictured 
ina most impressive way in the "Photographic Story of Mars," by B.C. 
Slipher, have led to the belief that there is plantlife on Mars~~a 

Matter of éxtreme philosophical and. biological! interest. 


There are pros and cons concerning the Martian vegetation theory, 


but I can only summarize them here: The proponents base their Opinions 
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on the seasonal color changes from dark gray to gréen, to yellow, and back 

40 gray; on spectroscopic detection of absorption bands in the infra red, 

which indicates the presence of organic molecules; on the more 

moderate tempérabire conditions of the so-called microclimate? i.e., 

in caves, oraters, and in thé pores of the soil; on the strong adaptive 

power of life to extreme conditions; and on the fact that numerous terres~ 

trial organisms enti live and survive under simulated Martian conditions. 
The opponents explain the dark areas as products of volcanic 

activity, The color changes are interpreted as being caused by reactions 

of some inorganic material to variations of humidity or fluctuations 

in radiation. The blue-green color is considered a visual contrast 


phenomenon against the reddish surroundings. To some.observers, 


they always appear to be dark gray. Regarding the latter point, it must 


observation, is a medically tested normal color vision of the observer. 

We must remember that 7% of the male population are color defective. 

The truth in this physiological color dispute may lie somewhere in between. 
Visual contrast effects probably occur, especially if the areas are small, 
but the blue-green coloration of the large areas such as the Syttis Major 

is in all probability, real. This is also supported by the observation of 

©. Tombaugh, who recently reported that certain areas occasionally 

took. dark when others look green, despite the fact that both are surrounded 


by reddish areas. 


fm 
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But green or not green, it is not decisive-for life "to be or not to 
be’ on Mars. Most of the scientists accept the possibility or even the 
probability of the existence of very hardy organisms, which can adapt 
themselves to the extreme temperature variations. As an additional 
exttical ecological factor, the low humidityin the Martian atmosphere, 
which is estimated tc be 1% of the terrestrial atmospheric humidity, is 
always emphasized. But there is a hypothesis in thig respect, which 
should not be overlooked. 

Mars is generally considered to be a “dried-out” planet. It has lost 

its ancient oceans. This is the textbook theory today. sut around 

i910, suggestions were made that these oceans are now frozen and 
covered with dust (A. Baumann, Switzerland). And, in Dr. Urey's book, 
~The Planets," (2952), H. £. Suess, then at the University of Chicago, 
is quoted as stating “that substantial quantities of water may be buried 
under dust and never become volatile at the low temperature of parts 

of the planet,” This frozen-ocean theory has been revived recently 

by V. D Davydov (Mcscow) and developed in more detail. He theorizes 
that there might be a subsurface ice layer 500 meters thick in the 
equatorial regions. Beneath this frozen conglomerate, water might be 
found in the liquid state dué to an increase of temperature in the interlor 
of Mars. And when cracks in the ice layer occur, caused by Marsquakes, 


water may reach the. surface and ’produce localized giant clouds and white 


di 


streaks of fog, lasting several days, as have been described by such 
pioneers as P. Lowelland E. C. Slipher, White spots glittering: liks 

ice have been observed in the equatorial regions by the Japanese 
astronomer Ssheki. in addition to tectonic quakes, impacis by meteoroldes 
or even asteroids could be considered as possible causes of craters and 
cracks in the soil-covered frozan hydrosphere. 

If we accept the subsurface frozen.ocean theory, or the existence 
of a cryospheré on Mars, with a water table below, meteoritic impact 
craters and fissures, and the emergende of some water to the surface 
around and atong them, vegetation would grow in these regions more 
profusely. Actually, it may be the vegetation which makes oases and 


fissures visible. Furthermore, the assumption of meteoritic impacts 


upori such a Mars crust would also better explain the appearance of i 


described by =. ©. Slipher. In brief, the combination of the various 
theories, or better, hypotheses, just enumerated, including common 
horse sense, gives us a reasonable explanation of everything that 


the earthbound telescope reveals to the observer's eye, concerning 


the Martian surface features. If a subsurface ice layer actually should 
exist, this would represent a “gold. mine," so to speak, logistically, 
from the point of view of space medicine, fora Martian expedition. 
Water could be made available and oxygen could be obtained from. the 
water by physico-chemical processing, and thus a critical problem 


VZ 
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of extraterrestrial resources would no longer.exist. And if there is a 


water layer below the ice layer, then there could be, in addition to the 


aurface biosphere, a subsurface habitat for life. 
It would not be difficult to imagine what kind of microorganisms 


could exist in such an aphotic, hyperbaric deep-sea environment. Life 


there could be based on chemosynthesis in contrast to that on the 
Martian surface, which might be based on some kind of photosynthesis. 
It is even conceivable that the paleobiosphere of the primordial Maritan 
} ocean has been preserved in this subsurface water table. And it might 
\ not be a too farfetched speculation that if life in the ancient and now 
partially frozen ocean has become extinct, there still might be remnants 
of it in the form of petroleum pockets. 

And now comes Mariner IV, which, sending back 21 pictures of 


the Martian surface, shows a number of craters~-some of them crowned 


a oe en 
with frost. Bat the early evaluation of these pictures was expressed 


by the statements that there was never a very densa atmosphere; there 


were never oceans on Mars; and never water erosion on the surface; 


and that Mars. was more Moonlike than Earthlike. 
Two months ago, three papers appeared in the scientific: magazine 


} ; Setence, in which these theories. were elaborated on in more detail, 


but the Chief of the Tet Propulsion Laboratory, Dr. john Pickering, made 


the cautious statement that all the pictures covered only 1% of the 


; 13 
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Martian surface, and that this could not axclude the possibility of Mfe 
on Mars. Two weeks later, in the same magazine, three other papers 
appeared, according to which the present visible surface of Mars and 

the craters, could ba only 300 to 500 million years old. The question 


then arises: What was there before the. present visible surface and 


craters? According to my opinion, there still might have been ancient 
oceans and it might be that Mars, some 306 to 500 million years ago, 
entered a permanent ice age, ang that the frozen océan, in the course 
of several hundred million years, has been covered by a deep layer of . | 
dust, which was then bombarded by numerous meteoroids: and this might 

be the face of Mars that we see today. Mars still remains a mysterious 

planet, and until more planetary probes and, finally, a manned expedition 


ig accomplished, the Martian mysteries will continue to excite our 


imagination. 
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Planctary Epvironmental Medicine (Mars) 
Dr. Hubertus Straghold* 


In ancient times the planets Were objects of divine adoration: 


In the Wuddie Ages they were, and, still are, symabols for 
astrologiedt prognostications. 


In modern times, since the invention of the. telescope 400 years 
ago, they have become special attractions for astronomical observa- 
tions. ‘ 

Some planetary surface features and colorations aiscovered. in 
hese optical astronomical studies during the 19th Century led to 
extraterrestrial life specrilations. 


In the 20th Century new windows have been opened to earth- 
paged astronomy by spectrograph, radio, and pador application. 


During the past decade, the fast development in yocketry: has. 
made the nearest planets actual targets of space-bound astronomy 
by means of instrumented probes, fly-bys, orbiters, and landers for 
athe-spot exploration. 


All this hes gradually opened the 82 4 i 

landing operation. This has bee the dreara of the space age. 
prophets, put its realization will be the postlunar goal of the 
coming epace-cnthusiastic generation.” 


Nevertheless, since this Fourth International Symposium on 
Bioastronautics and, the Exploration of Space coincides with the 
50th Anniversary of Aero Medicine and the 20th Anniversary of 
<Space Medicine; this is an appropriate time to Jook into the future, 


—— ooo 
‘achiet Scientist, Aerospace Medicel. Division (AFSC). rocks AFB, Texes, 
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and beyond the moon, to the planets as possible targets for manned 
Jandiig missions. 


In terms of planetary environmental. medicine, pioastronautics 
js faced with the basic questions: Which planets are visitable? 
(ie, which are accessible for a landing mission, and which. are 
nonvigitable or inaccessible?). Those which are nonvisitable may 
}e approachable by orbital or fly-by operations. And some. may 
not even be approachable at all. On those accessible, what are the 
specific hazards en. youte to and on the planets themselves? How 
much human life support and protection do: they offer naturally? 
‘And how miich has to be provided artificially in planetary stations 
to compensate for the deficiencies in order to meet the human 
physidlogical requirements and to rake the extraterrestrial en- 


vironments as terrestrial as possible on @ confined base? 


HOMO. SAPIENS TERRESTRIS 


The ecophysiological requirements of man can best be dem- 4 

onstrated by the concept homeostasis (W. B. Cannon, 1929) :* the { 
tendency of tlie human body to keep the chemical composition anc i 
physical properties (oxygen, carbon dioxide, ion concentrations, i 
temperature, etc.) of the interior milieu Gntercellular body fluids) 4 
jn any exterior milieu nearly constant: a precondition for man’s 
health and intact sensorimotoric and mental performance capabil- 
ity. If one of the physical or chemical components of the external 
environment deviates from normal but is stil] above the physiol- 
: ogically required minimum or below the permissible maximum, 
eh s_offective coordinated compensa- 

oy sivere : soular,muscwlar, rend 
perspiratory, etc., reactions. Deviations peyond these two ecologi- 
eal “cardinal points’” jead to pathological effects within cells, 
particularly brain cells. As a result, the psychophysiological func- 
tions deteriorate. Maintenance of a nearly steady state of the 
pbody’s' “fluid matrix” is the function of the autonomic nervous and ‘| 
endocrine sygtems, governed ‘py control centers in the thalamus 
and hypothalamus of the diencephalon, or jnterbrain. These 
systenis and centers make the human body 2 self-regulating sys- | 
tem; but only within certain limits. 


i 
{have referred to: this fundamental physiological phenomenon | 
of homeostasis because it is an ideal departure point for a medical | 
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study of the human pady in relation to any environment, oT for 
an ecophysiological analysis of the “fitness of ax environment” 
for man. Homeostasis includes (a) the maintenance of a nearly. 
constant body ‘temperature: thermostisis; and (b) the tendency 


ventures. 


This short paper does not permit. me to draw 2 complete picture 
of the environmental ynedical aspects of the other planets and 
their moons. Thus, I shail confine myself to certain environmental 
factors which significantly determine the prospects and Hmitations 
of interplanetary spaceflight® °* 9 This will be followed by 
a brief discussion of the medical problems encountered on a flight 
to Mars, which is probably the only visitable planet. 


MEDICAL ASPECTS OF INTERPLANETARY FLIGHT 


One of the ecologically most important environmental factors . 


in our planetary system is solar electromagnetic radiation, partic- 
ularly its thermal section (Table I). At the Earth's orbital 


able 1. Solar Irradiance from Mercury to Pinto 


Mean Orbital 


~ Planet Distance from poind Feerpeerrarmart basal 
Mercury, 

‘Venus AD 8.82 267,000 
Barth 2.000 2.0 140,000 
Mars 431 861 1 60,800 
Jupiter 0368 0788 5,170 
Saturn 01096 0219 1,580 
Uranus 00271 00542. 380 
Neptune 1455 


99 


Pluto: 
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distance, heat radiation amounts to 2 cal perv sq em and min, known ; 
as the terrestrial solar constant. The plant Venus is exposed i 
to a solar thermal irradiance of almost 4, and Mercury to more : 
than 13 cal em~®min~*. The Martian: solar constant amounts to : 
0.86; at Jupiter’s distance, it drops to 0.074; and, at-the distance 
of Plato, to 0.0013 cal em—'min-?. This. factor—heat radiation 
from. the sun, which includes essentially the infrared and visible i 
rays—is ecologically important for manned space operations with * | 
regard to the teraperature control of the spaceship, the temperature ( 
elimate on the planets themselves, and the temperature control 
within planetary stations. : 


The thermal radiation intensities to which. the planets, as a 
function of their orbita] distances, are exposed and to which space 
ships would be exposed can best be illustrated by an asteroid which 
eomes very close to the Sun and, therefore, has been named 
“Tearus” by its discoverer, Walter Baade (Mt. Palomar: Observa- 
tory, 1949), .after the legendary Tearus whose wings. melted away 
when he ignored the advice of his father, Daedalus, not to fly too 
close to the Sun. But this asteroid’s very eccentric orbit, with a 
period of 409 days, also carries it very far from the Sun. The 
surface temperature of Icarus at its aphelion. (283 million km, 
etween Mars and Jupiter), has been estimated to be below the 
freezing point of water; but, at its perihelion—2Z8 million km from 
the Sun, within Mercury’s orbit—it. might rise to some 500° Cc. 
At this. phase of the orbit, this miniature planetoid (about. 1.0 km 
in diameter) may show temporarily a feeble luminosity of the 
glowing surface. 


i jheat barrier for. interplanetary spaceiight, maybe in 
etween the orbits of Mercury and Venus, which would make it 
difficult or even impossible to keep the temperature in the space- 
ship’s cabin within the range compatible with the thermostasis of 
its occupants. The decrease of solar irradiation beyond Mars or 
. Jupiter poses problems of its own; for instance, limitation for solar ; 
batteries. 


As for temnperature on the planets themselves as the result of 
their ‘solar distance, Venus is too hot all around for a manned i 
lending mission, but it may be approachable by a fly-by oz orbiting i 
operation. Mercury is too hot on the: sunlit side and very cold i 
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on the opposite side. The surfaces of the owter planets are also 
too cold. Only Mars seems to be accessible to a ynanned landing 
jrission from 2 thermoecological point of view. 


Before i discuss the medical problems gnvolved in this under- 
tuking, I would like to touch upon another exitical factor in inter- 
planetary flight—the flight duration. Whereas 2 flight. to the 
Moon takes only 3 days, a Hight to Mars based on & minimum 
energy trajectory Jasts more than 8 months, and to Venus 5 months. 


This. is the simplest and most economic method for instrumented 
planetary. probes, such as Mariner IV and V- 


Ts such-a long duration also acceptable for a manned planetary 
ynission? To get a yealistic judgment. in this respect we must 
consider the whale complexity of lige of the mission crew living in 
a cramped, closed ecological world with its own economy and 
autonomy. The activities of ‘this “capsule society” (S. B. Sells)*° 
must include power. control, navigation, exploration, telecommuni- 
cation, control of the }ife-support system, hygiene, etc. Weightless- 
ness: complicates some of these activities. 


Astronauts, after some 20 hours of flight, should be in a state 
of “relatively stable adaptation to weightlessness,” 2S has been 
concluded from: the medical observations jn orbital flight. Artifi- 
cial gravity might not be yequired. Anthropometric comfort, 
appropriate exercise, and a well-reguiated sleep-duty regime might 
enable them to endure. spaceflight jn the order of months. Be 
that as it may, it seems to. me a necessary medical requirement to 
base.a flight plan to Mars or Venus on a high-energy trajectory 

i trajectory by 10% 


to. 80%, which wil pe achieved by 
(nuclear, ion propulsion) 2+ (See paper of &. Bhricke.) 


In addition to the jiternal cabin environmental complex, the 
external space environment also must be taken into account. A 
shorter flight ‘time reduces the possibility of meteoritic incidents 
and of tadiation hazards after solar flares. 

th brief, a. rcintmum in time and an optis: ant im comfort is. the 
medical prescription to achieve 2 maximum of success of any 
manned planetary mission. The opinions of the astronauts with 
week-long experience in ofbital flights and the space medical 
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practitioners who pave controlled these flights will have 2 decisive 
influence in this. respect. 


In connection with Tong-range manned spaceflight, suggestions 
were made some i0 years ago to transform astronauts into 
cyborgs} ie., 0 provide them with artificial organs. These sug- 
gestions attracted great interest, and they might be revived in 
these days of the utilization of artificial organs.and organ trans- 
plantation. This revolutionary, fantastic progress in. surgery is 
certainly of great benefit for man on his own planet, but, for space- 
flight of any kind, it would add an additional complication to the 
alveady ‘complicated life-support system. 7 


But, preflight prophylaciic surgical measures must be con- 
sidered, ‘such as removal of obsolete and semi-obsolete organs 
which can become the source of illness. For instance, an @p- 
pendéectomy and even a chlolecystectomy (gall pladder removal) 
would certainly be advisable; the latter, of course, only if there 
$s some doubt that the astronaut is completely free of positive 
and negative gall bladder stones; such a-case would require surgery 
sooner or later, anyhow. 


After these. general planetary medical zemarks, I would like 
to elaborate in more detail on the medical problems involved in 4 
mannéd landing mission +o Mars, the only known visitable planet. 
‘A medical evaluation of the Martian environment. can, in addition 
to the modern ground-based astronomy,!* 3% #4 now refer. to the. 
exploratory experiments and close-up photos of Mariner IV. 


RS ENVIRONMENTAL MEI 


Mars medicine includes gelection and medical preparation of 
the astronauts or areonauts, the medical problems en ‘route %0. 
Mars, life support and protection in the. Martian environment 
and safe return to Harth. Sorae of these points have been, 
discussed elsewhere;** the following paragraphs are confined to 
‘a medical evaluation of the various. environmental spheres of Mars. 


NEAR-MARS SPACE 


Ag.soon'as a spaceship comes closer, than one-half million km % 
the Red Planet, it enters its inner or orbital gravisphere and can 
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go into a parking orbit for observational tasks and ihe preparation 
of the janding maneuver.*> 


Fortunately, according to Mariner iV recordings, there are 
no radiation hazards from 2 ‘Van. Allentype radiation belt in 
near-Mars. space due to the absence of an effective magnete~ 
sphere}? There are, therefore, no regions “off limits” for par! ing 
orbits in contrast’ to the situation in neat-Barth space. Table 

* ghows the orbital periods and velocities at selected altitudes up to 
20,000 km, including the mean orbital elements of the two Martian 
yaoons, Phobos and Deimos. 


‘The question arises: + what altitude Hes th atmosphere 
related lower limét for a useful jifetime of an o' ng vehicle? 
On Earth, this level is found around 200 km, As the radio occuita- 
tion experiment in Mariner TV indicates, the surface air pressure 
on Mars might be as low as 10 to 7 mb. But, because of the lower 


Table Hk. Orbital Characieristics of Vehicles Moving in 
Ciseummertian Space (0. Ritter and H. Straghoid) 


Aititude { Orbital Period Orbital Velocity 
(im) (hr) (Gin) (cn/sec) 
ee 
9 1 40 3.56. 
100 4 45 8.51 
200 2 49 3.46 
300 1 34 BAL 
400 1 58 3.36 
00 2 1 3,32 
2 
1,000 2 
1,500 2 53 2.96 
2,000 3 20. 2.82 
3,000 4 19 2.59 
4,000 5 22 2AL 
5,980*" 9 39 244 
8,000 10 15 1.94 
10,000 +18 03 Lia 
‘15,000 21 3 1.53 
27,0604 24 87 1.45 
20,0004 30 38 1.35 
*Phohos. 
{Syncom Sate 
Deimos. 
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Martian gravity, the border of the sénsible atmosphere migi.. 
extend just as far as on Earth. A parking orbit at 200 km would 
certainly provide 2 revealing perspective for visual observation 
and for Mars photography. The orbital velocity at this altitude is 
3.46 km/sec. From this height the resolving power of the unaided 
human éye is. about 66 m (minimum. separable). This would. 
enable the observer to get a detailed view of the darker linear 
markings (“canali”) and to clarify the question, as to whether 
the bluish-green coloration of the dark‘ areas and oases is real or 
just a visual contrast phenomenon from the reddish surroundings. 
So far, all indications are that the green color of the iarger axéas, 
at least, is not an optical iusion. And about those earth-based 
telescopic astronomic observers to whom these areas always look 
gray, the orbiting areonauts might wonder if they ever had their 
color vision examined. From their orbital altitude, they would 
not be able to determine whether the green coloration is due to 
vegetation, to chemical: reactions of the soil, to variations in, 
humidity, or to fluctuations in radiation. To find the answer 
requires landing and -exploration of the surface in situ. 


GRAVITATIONAL MILIEU ON: MARS 


With the beginning of deceleration during the landing maneu- 
ver, whatever method is used in the thin Martian atmosphere, 
gravity again enters the life of the areonauts who, after their 
interplanetary weightless journey of about 2 months, will be 
eonipletely deconditioned from. gravity. Uf, during this. time, 
an adequate exercise regime and pharmacological therapy had 
Neen—appiiet—to—preve : senrpterss e ascular—2 
museular hypotonia (hypotension) and bone cecalciticavion, were 
should be no problem to become conditioned to four-tenths.of 1 g, 
the Martian surface gravity. Certainly this should be easier than 
the reconditioning after return te Earth from Mars, 


In manned orbital flights the astronauts showed a slightly 
jJowered blood. pressures 1.2 The interpretation has been that 
the parasympathetic subdivision of the autonomic nervous systera 
has become somewhat dominant over the sympathetic part during 
weightlessness. We might expect to some degree also a para- 
sympathicotonia (vagotonia) in the gravitational milieu on Mars. 
Furthermore, the hydrostatic blood pressure pattern might show 
a smaller difference between the lower and upper part of the 
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Earth2* 
h of the 


jamin body whea in the upright position on Mars than. 0: 
All of this should be of no consequence fox: the he: 
areonauts. 


A man of 75-Kkg weight, or "5kilopoud, on Barth has a weight 
This 


of 28.5 kilepond under Mass’ gravitational condition of 6.38 g. T 
sho} provide sufficient stimulation for the otoliths and the 
peripheral ymechanoreceptors in the skin and ynuseles for their 


sengomotoric eontrol of balance and walking on Mars’ surface; 
oth should be easier than on the Moon.** 


Because. of the lower Martian gravity, the use of a single man 
propulsion unit would be much, more. efficient than such use on 
Barth. All in all, biogravics on Marys should pose no particular 
problem. for tervestrial visitors who, within 2 few days after 
arrival, might show @ “relatively stable adaptation” to Mars’ 
gravity. But if long-term spaceflights yecuire artificial gravity, 
the logical level en youte to Mars would be four-tenths of 1. g. 
tn this case, aeronauts would feel immediately at jhome on Mars— 
gravitationally. 


THE ATMOSPHERIC ENVIRONMENT 


This is radically different concerning the atmosphere. In this 
respett, Mars Pnvizonmental Medicine hes to deal with the folk 
Jowing situation: The chemical composition. of the Martian at- 
mosphere includes ¢arben dioxide, nitrogen and argon, but only 
tyaces of oxygen, if any. Tf suddenly exposed to this kind of 
terrestrials would experience complete anoxia. 


, 
ag indicated by Mariner 1V,2* this would be parometrically equi 
Jent to. an altitude of Shout 30 km on Earth. and, consequently, 
would cause. boiling of pody fluids, or ebullism, which in our ate 
mosphere occurs at 20 kor (Armstrong: Line). ‘The “time of useful 
consciousness,” or “time reserve,” of 2 man suddenly and eoraplete- 
ly exposed to: the Martian air would be not Jonger than 15 sec, 
and the revival time may: Jast 334 min. in brief, the atmospheric 
enviroment on Mars has nothing So offer to terrestrial visitors. 
oe * in the closed ecological system of their spaceship 
which serve inem as 2 Martian Station or Laboratory- 


Under. Mars’ gravitational conditions, the daily metabolic rate 
of the human body might be. in the order of 2400 keal. This 
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ealoricity requires roughiy 500 liters of oxygen per man per Mars’ 
day, which is only 87 min longer than the terrestrial day. This 
oxygeh amount. has to be provided in a two-gas atmosphere with 
nitrogen or heliuin as the diiuent.*4 5. #6 


The barometric pressure within the Station could vary from 
1000 mb to 500 mb. 1% the latier is chosen, the oxygen volume 
eontent should be 40%, which would provide an oxygen partial 
pressure of 200 mb to which the areonauts, as oxybiotic creatures, 
have been accustomed on Barth. Nevertheless, variations jn. the 
oxygen partial pressure of plus/minus 50 mb are within the 
medically permissible limits. The carbon dioxide, one of the end 
products of the body’s oxidation processes, should not exceed 10 mb. 
Carbon dioxide and water are the base materials for the biologic, 
ie, photosynthetic regeneration of oxygen of the station’s air. 
Whether or not. the carbon dioxide and nitrogen of the surrounding 
thin Martian air can be made available for this process is a bio- 
engineering problem. (Nitrogen, by the way, is required by 
plants for the buildup of protein.) The intensity of sunlight on 
Mars during most of the day is within the effective range required 
for photosynthesis. (For more detaiis concerning life-support, 
see the chapter “Life Support (Survival) in Space,” by A. G. Swan.) 
{ would like to mention only that the pressure suit used in extra- 
stational excursions should have ‘an oxygen pressure of around 
240 mb = 180 mm Hg. 


PROTECTION FUNCTION OF THE STATION 


postile factors such as meteoroids, particle radiation, and the low 
night. temperatures. 


The question of metéoritic hazards arises from the low density 
of the Martian atmosphere which is in the order of 10*7 molecules 
per L em near the surface, as compared with 10! molecules per 
1 em? in the-terrestrial atmosphere. It attracts additional interest 
because of the neighborhood of the belt cf the asteroids. If some 
300 million years ago a planet KX between Mars and Jupiter disin- 
tegrated into many thousands of asteroids, it is reasonable to as- 


sume. that this catastrophic event or a collision of two smaller 


plansis led also to a population explosion of smaller pieces of 
matter: tacrometeoroids ic micrometeoroids. Those iron and 
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on moteorites occa: jonally hitting the Barth’s surfate are 
probably of astavoidal orig! But Mars is much closex to 4 
asteroid belt and should ateract considerably more of these “pallets 
from space.’ Two characteristics woight moderate the puncture 
potential of the minerometeoroids for the Martian station: (4) thet 
velocity is in the same range as the oxbital velocity of Mars 2p 
therefore, lower than at the Barth’s orbital vegion; and (2) they 
might oxbit essentially in the same direction as Mars so that hits 
on Mars should be mostly rear-end collisions, which are not So 
vicious as head-on collisions. Nevertheless, the wall of the station, 
as that of the spaceship gnust include a meteor bumper structure 
(B. Whipple.) ** Vierometeorites might to'some extent be absorbed. 
by the Martian atmosphere. . 


WMeteoroids of cometary oxigin consisting of ice and dust (F. 
Whipple), too, should pose no hazards when we consider that, even 
ih open circumterresirial space, SO far no meteoritic jnterference— 
even during ¢ ravehicular activities—hes been observed. But-we 
need moze astronomical paformation about the jmpact rate on the 
Martian frontside and yearside and, furthermore, about Mars’ 
penetration dates of meteor streams. 


On Barth we are protected from the primary energetic particle 
vays by the trapping and deflecting. effect of the ynagnetosphere ; 
and. those’ which reach the atmosphere.are transformed in collisions 
with aix molecules. into jess powerful secondary and tertiary rays 
to which we are daily exposed without ill, effects. On Mars, 
without such a magne’ spheric umbrella, all the particle rays in 

the atmosphere which i due. 


inesy 
to its low density, oriers 2 
Atmosphere. It will pe essentially a function of the 
‘Mars station to absorb. the primary particle rays effectively or, at 
jeast, to keep the yadiation dose at a Jevel of less than 1 millirad 
per hour. The pressure suits worn outside the station must: offer 
sufficient protection for & few hours’ excursion; but if Mays should 
be hit by a proton dutburst after a solar flare, extrastationary 
activities are prohibited. 


Ail inal, the Hfe-support system insides Martian. station and 
the shielding power ‘of the wall from éutside hazardous factors 
have to be more or less equivalent to the respective functions of 
the Harth’s. atmosphere. ‘A Mais’ station, therefore, is actually 
an Eaxth station of Mers—-a Terva-island, on the Red Planet. 
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Where should this station be located? Environmental and ex- 
ploratory considerations suggest the daric areas in the lower lati- 
tude regions it which springtime Has just begun. This offers for 
the spring and summer season, lasting more than 300 days, a 
xelatively mild climate during the daytime. Solar illuminance’ at 
noon at ground level may attain an intensity of 40,000 Jux (lumen 
per m?}, adequate for the photosynthetic regeneration system. 
The dark-light cycle is practicaliy the same as on Harth and poses, 
therefore, no problems for the ciycadian sleep and activity cycle or. : 
for the. pliysiologieal clock of the areonaut Thermal solar ix. 
yadiance may reach up to 0.6 cal/em?/min, which facilitates 
especially extrastational excursions. From the viewpoint of ther- H 
mioecology of the landing place, it might not be too far-fetched to t 
look on the Martian surface for warm spots of the kind on Harth: 
for instance, on Mt. Wrangell, Alaska, where the Aerospace Medical A 
Division, Brooks AFB, Texas, in 1964 constructed a laboratory on } 
# perennially warm, snow-free, voleanic sand area surrounded by A 
snow and glaciers, 421i m hi¢h.*8. This installation does not re- | 
quire any heating at any time. It utilizes thermal output of an H 
jnactive voleano, Knowledge in advance of similar perrnawarm { 
spots on Mars might be obtained by scanning its surface by means | 

i 
i 


of infrared (or far infrared) sensors carried on Martian orbiters. 


So far, I have not mentioned the material resources for the 
Mars. station possibly obtainable from the lithospheric surface: 
Data in this respect are offered in the chapter of EB. Steinhoff. f : 

. Z a : : 
Ti rr a zc 7 
below the. lithospherié surface, as suggested by A. Baumann i 
Zurich,*? 1910, and supported by H. B. Suess,%° and V. D. Davydov, : 
Moscow. It is logical to assume that this hydrocryosphere, a rem- 
nant of the ancient Martian ocean, may be located below the daric 
areas and oases; below this ice table, some 500 m below the ground, 
there might even be a water table due to an inerease of temperature 
in the interior of Mars. This, again; would point to these areas 
as the most promising location for the landing place and the 
establishment of the Martian station. 


Finally, if there is 2 biospheré on Mars,3* 34-35, 35 the dark 
areas with theit seasonai color variations are the regions to be 
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al, the search for Uf the Havth ia a 
sup any manned planetary expec: tion. {See he 
chavters of A. A. imsheneitski and H. P. Wlein:) For medicine, 
it poses the problem prevention of contamination of the areo- 
i nauts with possibly. pat genic Martian microbes. 


EXPLORATORY TASKS 


There is no. question that a manned Mars expedition is the pest 
sway to explore the xed, or green and ed, planct as a possisle apode 


of fife; A precondition ju this respect. is that contamination with 

terrestrial micrsorganisms has not occurred bY jasufficiently 

vilined unmanned probes. prior to the manned expedition. An 

ovarall synopsis of the pre and contra arguments speaks for the 

possibility or ever probability of life on Mars, particularly Wt ain 

its microenvironments found in craters, fissures, and the pores of 

j the soil. Only areonauts guring extrastational excursions can take 

, a critical, deep look upon york formations in craters and fissures, i 

i which might give us & hint about the paleontological evolution of : 
the Martian biosphere. They are in the best position to:solve some ry 

problems concerning the areographie features such as the dark 

Yinear markings (“canali”) and oases. ‘The latter axe, in all prob- 

ability, impacts of giant yneteorites. of asteroidal origin, and the 

linear markings might pe “tension cracks” yesulting from planetary 

expansion due to @ deerease of the gravi sional “constant” (see 

. the chapter of P. Jordan) and triggered by these jrapacts. 


Tf there is a subsurface ice layer, then humidity might 
higher in and around the oases and along the fissures, thus making 


favorable for the growth of 


plant life. Actual c 
suiting vegetation that Have made se areographic features 
yisible to earth-based optical astronomy in the first place. Further- 
more, if there should be a weter table below the subsurface ice 
layer, then theve could be, in addition to tne surface biosphere, 
‘pased possibly on’some kind of photosynthesis, a subsurface marine : 
habitat for mievobial life based perhaps on chemosynthesis:** : 


p 


‘ 
i 
! 
: 
i 


All this is hypothetical, put we cannot ignore any one of these 
posgibilities. . SEverything is in Flux. Recently, radar studies suZ- 
gested that dark 2reas.are-the highlands. and the bright areas 
the lowlands, but more pecentiy radar. studies and other considera; 
¢ions*® indicated just the opposite again. 
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A manned expedition to Mars will be the most depe 
method of extending the szectrum of our knowledge abouts <ts 
paleological evolution and biotic realities beyond thai xreage that 
has been gained so far and will be explored in. the future by earth- 
based asirononiy and instrumented ‘planetary probes. 


To perform all these scientific tasks, the Martian éxplorer must 
be kept in the state of best health, well-being, and on the highest 
physical and mental level. To secure this is the responsibility of 
Maxs medicine. And, Jast bet not least, it is medicine’s regponsi- 
bility to control the safe return of the WMars-edanted terrestrials 
on their way back to their biuish-green home planet, and to prevent 
packeontarnination of the latter with possible Martian microbes. 
(A summary of environmental biomedical Gata of Mars is offered 
in Table IIL) 


Table Hi Martian Medicot Data Table 


a ann ad 
Axmospheric Pressure —. _ 13 my 
Chemical ComBositiomn eee nee On, Nagy A 


Oxygen: Condition: 


Huiman Physiological _-.ALnoxia at ground level 
Bbullism —-. oes At ground level 
Mean otal Solar Inradiance: 

Martian Solar Constant —.. eee 0.84 cal om? minh 


Mean Solar Huminance: 
Extra atmospheric 
Albedo 


Midnight—-Minimal 
Day-Night Cyéle 
Extension of Urabra 
Gravity. 
Gravisphere. (radius) — 
Orbital Velocity at 206 km .——....... 
Velocity of Mscape +. 
Orbital Velocity of Mars ~. 
Sideres] Reyohition Period: 


1,18 million. km 
6.88 & 
4 nillion km 


3.46 km/sec 
5. km/sec 


669. Martian Days 
= 687 Terrestrial Days 
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xed janding mission on Mars, from 
view, ig in the realm of possibility if the i 
paged on a fast transfer trajectory. Of cour 
ich will be gained in a Lunar Laboratory*®® 
will be. of great be the manned Mers project. These txO 
ventures Gin be cons: @ the highlights. during the last qu 
of this century. As to what we might expect in the next: century; 
see the Chapter by A. C. Clarke. 
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LIFE ON MARS IN VIEW OF RECENT DISCOVERIS. 
OF EARTH-BASED AND SPACE-BOUND ASTRONOMY* 


by 


> | 


Hubertus Strughold, MD, PhD 
Chief Scientist 
Aerospace Medical Division (APSC) 
Brooks Air Force Base, Texas 


During recent years considerable progress in the study of 
ile environments on the neighboring celestial bodies has bx 


made in modern ground-based and space-bound, or rocket 


Bsironomy, climaxing in the results of lunar orbiters and landers 


“od of Martian and Venusian fly-bys. For the life sciences this 


new knowledge is significant in two respects - for medicine 


concerned with 


In this paper the question will be discussed as to what 


extent the recent findings about the environment of Mars, particularly 
the results of the spectacular fly-by mission of Mariner IV of July 
1965, might affect the Martian Life Theories (concerning their latest 
reviews see Ref. 1, 2, 3, 4, 5). We shall approach this problem 


by an ccological evaluation of these discoverins in torms of 


* Presented at the XVI International Congress on Aviation and Space 
Medicine, Lisbon, Portugal. 13-15 September 1947. 
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terrestrial biology, or carbon biology. In such an attempt, we should 
not only refer to the results of specifically directed research in 
chambers in which the Martian environment is simulated, but .iso 

to the abundant material found in the literature of non-dirvectcc 
research in microbiology, bacteriology, botany and ecology, cating 
back at least to 30 years. 

An examination of the possible existence of a biosphere on 6 
planet has to concentrate essentially on its surface and atmossnoan , 
or the interface between these two environmental spheres; furiacrmorc, 
eloctramognetic radiation and particle radiation, and in connection 
with the latter, the magnetic field. 

Beginning with the lithospheric relief of the Mariian surluce, 


the generally accepted opinion is that the reddish areas are aigh- 


Sane (he dark regions are iowlands. is seems to bo conilmed 
by the radio occultation measurements of Mariner IV, according to 
which a certain reddish area named Electris is 5 km higher thun a 
dark region called Mare atid,” 

The dark areas, according to most observers show sonconal 


color changes from dark to bluish-green, to yellow-gold, to brown, 


and back to dark, which is interpreted as an indication of on 


vegetation on Mars and the main reason for Mars' repr! tion 45 4n 


abode of iife. But to some observers they appear a 


ya to 
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be dark gray. This can be accepted only if they have medically 


confirmed normai color vision. 


: The bluish-green color is also considered to be a visual 
contrast phenomenon against the ochre-reddish surroundings. 
Visual contrast effects certainly occur, especially if the areas 
are small, but the bluish-green coloration of large areas such as 
the Syrtis Major is in all probability meets This is supported 
by the observation of Cl. wakes,” according to which coriain 
areas occasionally look dark when others look green, Gespite the 
fact that both are surrounded by reddish areas. The final answer 
in this color dispate might come from color photographs mace by 


fly-by probes. But green or not green, it is not Gecisive for Lic 


to be or not to be” on Mars. 


Fifty years ago, Sv. Arrhenius advanced the theory that the 


© are salt beds of dried-out oceans which respond to 


changes in atmospheric humidity, and concluded that “Maré is 
indubitably a dead world, 9 But in the Dead Sea, which is an 
extraordinurily salty medium, numerous species of microorgantones 
i .qae aud bacteria, ete.) flourish there eiehateshigs The Dead 
Sea, therefore, is not so dead at all, as it was belioved. Ard ty 


Red Planet might not be so dead, as well. 


Page 502 


Life on Mars in View of Recent Discoveries 4 


The dark areas have aiso been oxplaince as being Geposits 
of volcanic ash blown over them by the prevailing winds, and the 
color changes have been attyibuted to reactions to seasonal var.atione 
in humidity or tutes This, of course, does not excluce the 
possibility of life, because terrestrial bacteria--lichons and mosive-- 
can grow on lava. Actually, bacteria can grow on practioa.y any 
material, even in oll wells and jet fuel containers, as incicatca 
by the new bacteriological branch, petroleum heichninleare 
Concerning the atmosphere, the earlicr estimations of .15 
pressure at ground level, based on specirographic stucics, rangee 
from 85 to 10 millibar. The occultation experiment of Mariner IV 


suggests a pressure of 10 to 5 milibars Could microorganisuis 


survive such low pressure? Recent experiments in space environ= 


18 


mental simulators : and in containers carried outside @ spacecraft 
have shown that bacteria and particularly spores are aban even 
to a vacuum. 

Qxygen so far has not been detecied in the Marian atcosp.: 
This does not exclude life, as proven by the occurence Gi various 
types of anaerobic bacteria on Earth. Anoxybiosis mich! be the 


Martian way of life; however, also organisms might exis: is 
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capable of Producing their Own oxygen by means of some kind of 
photosynthesis. This process tequires carbon Gioxide and water 
a5 raw material, 

Recent Spectroscopic studies indicate that garbon _ dioxicis 
pressure in the Martian air might amount to 3 millibar, i.e., 10 
times as high as on earth. This would be an advantage for the 
vrowth of green vegetation, since Carbon dioxide in this pressure 


range increases photosynthesis. Beyond 22 mm Rg it has an 


inhibiting effect Upon this process. 


7.5 miliibar, this is below the “triple point" of Waiter, i.e., 1,90 
Can exist only in the State of vapor and ice. But in the low! ands 
Of Mars the air Pressure might be around 10 mb, in this case it 
Could occur also in the liquid state in the soil. The “weve of 


darkening" moving from Pole to pole in Spring is an ladication of 


of life. But Some terrestria} microorganisms can Survive |. 


w 
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periods of complete desiccation. Seasonal periods of extreme cry- 
ness of the Martian surface would not destroy them. Hydroecologi- 
cally, the situation on Mars is severe but not to the extent thai it 
is prohibitive to life of the low-level terrestrial type. Moreover, 
there might be subsurface ice layers which could increase the soll's 
humidity locally. They are considered to be romnants of ancient 
orecans, now covered by some 100-meter thick layer of solidified 
dust. This theory, advanced in 1910 by Baumann in Zourich, - 


17 
Supported by E. Suess, later somewhat forgotton but rucently 


18 § 
revived, is very attractive if combined with two other concepts. !” 


In 1937, P.A.M. piece" advanced the hypothesis that the 


gravitational constant has decreased slightly during the life of the 


expansion of the earth, causing “tension cracks" or fissures on 

land and at the bottom of oceans, as recently described by K. f.. 
Dicks? and P. jordan," who both confirmed Dirac's first generally 
not accepted theory. The splitting of the two giant original =uper- 
continents, Gondwanaland and Laurasia, about one billion yours 

ago into several secondary continents, now widely separatea oy 
“continental drift" (A. Wegener), is attributed to this orevs c.on 


phenomenon, 
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It is logical to assume that on Mars, too, this gravitational 
decrease has caused similar effects, namely, volume expansion 
and tension cracks after it had cooled off at the end of its proto- 
planetary phase and had reached a temperature equilivrium. AG 
meteoritic impacts, the occurrence of which has heen predicted by 
Cl. Tombaugh re in addition to voleanic Marsquakes could have 
triggered fissures of treméndous lengths, particularly in 4 crust 
of different layers, including a subsurface ice layer. This throo- 
fold environmental combination: subsurface ice layer, planetary 
volume aiiniigion with subsequent tension cracks due to gravitational 
decrease, and meteoritic impacts, might well have been the 
mechanism behind the scene of the dark spots called oases and the 
dark linear marking radiating from the dark spots over enormous 
distances. A subsurface ice table, or h osphere, would 
increase the humidity locally, i.c., in and around the meteoritic 
impact craters and in and along the fissures, making them ecologic- 
ally more suitable for the growth of vegetation, Actually, it might 
be the soii's humidity and vegetation that make these areographic 


surface features visible to earth-based optical astronomy in the 


first place. 7 
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To conclude this water dispute - if there should be native 
life on Mars, this would not be conceivable if there had not been 
ancient open waters for its origin. 

the Martian surface temperature is ecologicaily adequate 
in summer for about five hours each day, and it can reach a 
maximum of +30°G, but all the other times it remains below the 
freezing point of water; it drops to a minimum of ~60°C and lower, 
a condition which appears particularly prohibitive io life. Bul we 
know of bacteria and spores that survive temperatures Close io 
absolute zero; furthermore, it has been found recently that the 
terrestrial bacterium (Aerobacter Acrogencs) survives when oxperi- 
mentally exposed to a diurnal freeze-thaw cycle = Generally, 


then, a biology of Mars during its cold nights turns always into 


eryobiolony. However, locally there might be exceptions in the 
form of perma-warm spots on the surface similar to isose on carih, 


as for instance in bata, Wyoming, Iceland, and New Zealane. 
There is no reason in terms of planetary analogy why simile: permun 
warm spots should not exist on Mars, possibly above dormant 
voicanos; they would not have the low night temperatures anc, 


therefore, would have a higher ecological potential. Sco vasiny 
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the surface with heat sensors by future automated Marian orbiters 
may answer this question. 

Light is the next important ecological factor for life. But 
many microbes can get along without it, as demonstrated by those 
found in caves, pores of the soil, underground water, and in the 
deep sea. Chlorophyi-bearing plants, of course, require Hight 
energy for photosynthetic buildup of organic matter. 

The minimum illuminance requirement for photosynthesis lies 
around 2,000 lux (lumen per square mas Solar illuminance 
at the mean orbital distance of Mars amounts to 60,000 lux. If 
we allow some 20% loss of light during its passage through the 


atmosphere there should be enough light reaching the ground during 


some halt a ‘dozen hours ‘cally Tor photosyninenic activity. Photo- 


| 
| 
| 
| 


ecologically the conditions on Mars are well within the range of 

photosynthetic requirements. | 
The low density of a 10-millibar pressure atmosphere might | 

not provide effective protection from harmful solar ultraviolet and 

X-Tays; it is argued. But first of all the intensity of soler irradiance 

at Mars’ distance from the sun is less than half of that at the earth's 


solar distance; furthermore, a certain amount of these rays is 
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certainly absorbed within the atmosphere. It is, of course, well- 
known that ultraviolet rays, particularly in the range from 2500 to 
2800 Angstroem, are indeed very destructive to most terrestrial 

; microorganisms. For this reason they am used for sterilization of 
food and even of lunar and planetary probes to prevent interplane- 
tary Contamination, But there are various degrees of resistance to 


ullraviolet and x-rays; certain microorganisms are even sUmulated 


in growth when exposed to low intensity ultraviolet and x-rays. 

Also, some microorganisms, plants, and animals are less suscepilo.e 
to ionizing radiation under hypoxic and hypothermal conditions eo 
This is particularly interesting with regard to Mars with its oxygen- 
free atmosphere and low temperature. 

Finally energetic particie rays of solar and galactic origin 
are considered as possible adverse factors to life on Mars because 
they can reach its atmosphere unhindered by a magnetospheric 
anna” But because of the greater distance from the sun the 
infiux of particie rays of solar origin is certainly smaller anc tho 
so-called microenvironment provided by caves, craters, and 
fissures might offer effective protection. 

Considering all of the physical, chemical, aud biologic 


factors and their interrelations, and particularly the au: 
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of life to adverse conditions, we must come to the conclusion that 
the occurrence of life on Mars is more in the realm of probability 
than of possibility. Some of the findings of Mariner IV and of 
t wiocie ground-based astronomy are more hostile to life, but others 
are more favorable. In the years ahead life-dotecting instru nants 


on board unmanned landers will be sent to Mars for acquisition asd 


analysis of soll samples and for transmitting the data back to si hyp 
“«) theo final and more detailed answer concerning a Martian hosphere 
might come from a dM. landing mission. If the answer is: 
No life on Mars and never has been, this would give the explorers 

a unique opportunity to study the chemistry of a virgin planet of thc 
terrestrial group. If the answer is: Yes, then we would be interesied 
to know if the Martian life is similar to that on Darth, based on 
carbon biology, or of a completely different kind unknows to us. 

But, whereas the assumption of extracarbonic life is at presont a 
matter of pure speculation, there are strong indications for the 
possible existence of life of the terrestrial type suggested by the 
older and supported by the latest astronomical findings and their 


ecobiological evaluations. 
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Life in a Theoretical Zone 


Below the Surface of Mars 


If the ancient seas are frozen under a layer of dust 


a marine biosphere may now extst in their depths, 


Hubertus Strughold 


The author is Chief Scientist and Professor of Space Medicine, Aerospace 


Medical Division, Air Force Systems Sommand, Brooks Air Force Base, Texas. 
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The Red Planet MARS 
Biological Aspect* 


by. 
Hubertus Strughold, MD, PhD 


Aeyospaée Medical Division (AFSC) 
Brooke Air Force Base, Texas 


The fast advancement of.rocket technology in the. first 
operational phase of the space age has opened new horizons 
in the exploration of the neighboring celestial bodies by means 
of lunar and planetary probes. One of the outstanding events 
in this respect has been the fly-by mission of Mariner IV on 
August 14th, 1965, which has provided the first close-up 
pictures of the planet. Mars. Before this historic achievement 
of this new space-bound rocket astronomy, cur knowledge about 


its atmosphere and surface features had been gained by pround- 


based telescopic astronomy, And before the introduction of the 


telescope into astronomy by Galileo Galilei, 1610, this “wandering 


star!'--conspicuous because of its reddish color--was looked upon 


*Presented at the Dinner of the Military Engineers 
8 October 1968 at the Officers Club, Brooks Air Force Base 
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as an Ominous sign throughout the Middle Ages, dating back to 
the ancient astrology of the Romans and Greeks who named it 
after their god Mars and Ares, respectively, the symbol of War. 
But Mars was also venerated as the patron god of agriculture. 
This. generally not so well-known symbolic association with a 
peaceful occupation foreshadowed, so to speak, a modern aspect 
of Mars as a plant life-harboring planet, suggested by telescopic 
observations of dark bluish~green areas which cover about 30% 

of the otherwise ochre-reddish surface,. Moreover, the famous , 
report by Giovanni Schiaparelli, Milano, 1877, of his discovery 
of canali on Mars led Percival Lowell, Flagstaff, Arizona, 1906, 
to the assumption that there might be intelligent beings on that 


planet. This belief is no longer held, but the possibility of 


tions, with pro and contra arguments during the past decades, 


The search for life on Mars is called Mars Biology; presently it 
plays the dominant role in the search for extraterrestrial life, 
variously termed Astrobiology, Cosmoblology, and Exchiology. 


Furthermore, with the fast development of astronautics 


during the past two decades, Mars is considered the first 
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postlunar planetary target for a manned landing mission. An 
evaluation of its environment from a human physiological or 
medical point of view, therefore, will become an important task 
of what we inight call Martian Environmental Medicine, or briefly 
Mars Medicine, which can be regarded together with terrestrial 
environmental medicine, space medicine, lunar medicine, etc., 
as a subdivision of an all~embracing Cosmic Medicine. 
In the following paragraphs we shall take a new look upon 
the environment of Mars as we see it since the Mariner IV mis~ ' 
sion, the results of which have opened new vistas, have con- 
firmed older theories, and require a revision of others. We shall 
concentrate essentially upon the:biological question of general 
Concerning the more specific medical problems connected 
with a manned landing mission, I would like to mention only that 
the life~supporting and life-protecting systems in a Martian Labora~ 
tory are very similar to those required on the Moon. The main 
difference lies in the flight duration to the Moon and Mars, A 
flight to the Moon is no problem since it takes only about three 


days, but-a flight to Mars based on an economic, i.e., minimum 
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energy trajectory, lasts ‘more than eight months, This is medi- 
cally not acceptable. It is medically advisable to base a flight 
to Mars on a high energy trajectory to shorten the duration of 
the minimum energy trajectory to 30 to 20% of its time, which 
can be achieved by novel methods of propulsion. A minimum in 
time and an optimum in eonitart is the medical prescription in 
order to achieve a maximum of success of any manned siarietary 
landing mission. 

There is also a difference in the goal between a Lunar 
and Martian expedition. The tasks of selenonauts will be to 
explore the Moon and carry out, unhindered by an atmosphere, 
astronomical studies concerning the solar system. The explora- 
tory efforts of the Martionauts will be concentrated essentially 

« ry cal 
pose of a manned Martian expedition will be the search for life 
on the planet's surface. 

General and Historical Interpretation of the Martian Surface. 

The generally accepted opinion is that the reddish areas are high 


lands and the dark regions are lowlands. This. seems to be con- 


firmed by the radio occultation measurements of Mariner IV, 
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according to which a certain-reddish area named Electris is 
$§ km higher than a dark region called Mare Acidalium. 
The dark areas, according to most observers show 
seasonal color changes from dark to bluish-green, to yellow=~ 
gold, te brown, and back to dark, which has been interpreted 
as an indication of green vegetation. 
But there are some arguments about the bluish-green 
color, To some observers they always appear dark gray. This 
can be accepted only if they have a medically tested normal ' 
color vision, We must remember that 7% of the male popule- 


tion. is color defective. 


The bluish-green color is also considered to be a visual 


contrast phenomenon against the ochre-reddish surroundings. 


Visual contrast effects certainly occur, especially if the areas 
are small, but the biué-préen coloration of the large areas such 
as the Syrtis Major in‘all probability is real. This is also 
supported by the observation of ©, Tombaugh, discoverer of 
Pluto, who noticed that certain areas occasionally look dark 
when others look green, despite the fact that both are surrounded 


by reddish areas. The final answer in this color dispute might 


| 
| 
| 
| 
| 
| 
i 
i 
{ 
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Tt has also been suggested that all color changes on Mars 
Gan be explained by transformations of nitrogen dioxide to 
nitrogen tetroxide, and back, caused by solar irradiance 
fluctuations.. These nitrogen oxides, assumed to be present. in 
the atmosphere and on the ground, are toxic and might. exclude 
life. {Ph¢ the concentration of these nitrogen compounds might 
be even higher in the smog over big cities on earth. 


Suppose there were intelligent creatures of high scientific- 
technologic/level on Mars and they were able to make spectro— 
graphic studies of the neighboring blue-green planet Terra in the 
search for extramartian life--they, too, might detect nitrogen 
oxides in certain smoggy, foggy areas of earth. They probably 
would come to the conclusion that if there is life on earth it 
could not be in these foggy spots, which they might. interpret 
as volcanic eruptions; but, of course, they could not know that 
they are the product of many millions of exhaust pipes of vehicles 
of the highly mechanized terrestrials . 
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come from color photographs made by future fly-by probes. 
But green or not green, it is not decisive for life "to be or 


not-to be" on Mars. 


: Fifty years ago, Sv. Arrhenius, in Stockholm, advanced 
the theory that the dark areas are salt beds of dried-out oceans 


which react'to changes in atmospheric humidity, and concluded 


that. "Mars is indubitably a dead world." ‘But inthe Dead Sea, — 


which is an extraordinarily salty medium, numerous species 
of microorganisms (algae and bacteria, etc.) flourish there 
abundantly. The Dead Sea, therefore, ts not so dead at all, 
as it was believed. And the Red Planet might not be so dead, 
as well, 
The dark areas have also been explained as being deposits 


of volcanic ash blown over them by the prevailing winds, and 


the color.changes have been attributed to reactions to seasonal 
variations in humidity, or radiation. This, of course, does not 
exclude the possibility of life, because terrestrial bacteria~- 

lichens and mosses~-can grow on lava. Actually, bacteria can 
grow on practically any material, even in oil wells and jet fuel 


containers, as indicated by the new bacteriological branch, 
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i petroleum bacteriology. 
There are some organic chemical interpretations of the 
dark areas which have made some impact upon the Martian life 
theory. Ten years ago. spectroscopic absorption bands in the 


infrared, near 3.6 microns, were observed but only over the 


dark areas. This was considered to be an indication of the 
presence of organic molecules. But later it was found that they 
conform just as well with the absorption bands of certain in- 


organic molecules, particularly of heavy water (deuterium)’. 


Spectroscopic studies of G. Kuiper in Tucson, Arizona, 
and of Tikhov, Alma Ata, Russia, and comparative polarimetric 


studies of A. Dollfus, Paris, of the dark green aréas on Mars 


and of terrestrial greem plants also favored the vegetation theory. 7 


And, last but not least, on Mars there occasionally are 


heavy dust storms, as was the case in 1956. The whole planet 
then appears vedaieli, But several weeks later the dark areas 
reappear. This according to H. G. Oepik, can be explained only 
that the dark material must have regenerative power, which points 
to vegetation, Sa much about the visual, inorganic and organic 


interpretations of the ‘so~called “maria,” ” 
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Evaluation of the Martian Environment in Terms of Terres= 


trial Biology. There is one way to get some idea about the 
“guitability of Mars.as an abode of life by evaluating its environ- 
ment from the point of view of terrestrial biology, the only kind 
of life we know. It is based on carbon as the structure atom 

and on water as the solvent medium. To do this we must examine, 
whether or not the fundamental biophilic chemicals, particularly 
oxygen, carbon, nitrogen, and water are present, and certain 
vitally importanh energies such as thermal radiation are found 
there in the proper tolerable range and intensity. In order to 


qualify as a life~supporting environment, these chemical and 


physical factors must Me above the ecologically required mini~ 


mum (law of the minimum, J. von Liebig), and should not exceed 


5 
the permissible maximum, The minimum and maximum are the 


so~called cardinal points on which the ecological "law of 
limiting factors," (FP, F. Blackman), is based. Beyond these 
two points life is still conceivable in a dormant state. It finds 
its terminus at the final cardinal point: the ultimum. 

In addition te the presence of life-supporting, biophile 


chemicals and shergies, the occurrence of toxic ones must be 


| 

i 

i 
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included in an ecoenvironmental analysis. All of these basic 
sidisoiest criteria refer not only to the conditions in the wide 
epen surface spaces {macroenvironment), but also particularly 
to those found in smaller locations such as craters, valleys, 
pores of the soil, etc., (microenvironment) . 

We must also take into account the adaptive power of 
life to hostile environmental conditions by developing life- 
supporting and protecting mechanisms, and, last but not 
least, the influence of a biosphere upon the physicochemical 


environment, 


Ona larger scale, in our examination of the possible 
existence of a biosphere on a planet, we must consider the 
various possible components of its physicochemical environ- 
nn Ponie ben ae es eon ae ye 
sphere (water), atmosphere, gravisphere, magnetosphere, and 
i extraplanetary factors such as solar and galactic radiation which 
have. a direct or indirect influence upon a biosphere. But of 
immediate interest are the physicochemical conditions of the 
atmosphere and the surface, or the interface between these two 


environmental spheres since they are the actual habitats of life. 


Page 521 


Mars: Biological Aspect 10. 


The inorganic material of the dark and reddish surface 


‘areas.on Mars is considered # be the ‘gameas the result of 
very frequent and héavy dust storms. Iron oxides, Mmonite, 
and felsite are mentioned-as. the main constituents. They con- 
tain the basic elements of which life as we know it on Earth 
-4s composed. 


Barometric Pressure and Chemical Composition of the 


Atmosphere. The earlier estimations of the atmospheric pres= 


sure at ground level on Mars, based on spectrographic studies, 
ranged from 85 to 10 miliibars. The occultation experiment of 
Mariner Iv suggests a prassure of 10.to 7 millibars. If we 
assume a barometric nregaurs of 10 millibars in the lowlands, 


this would be pressure equivalent to that of 30 km altitude in 


\ 


Could microorganisms. survive such low pressure? Recent 
experiments in space environmental simulators and in containers 
carried outside a spacecraft have shown that'certain bacteria 


and particularly Spores are resistant even to a vacuum. e 
° 7 


The atmospheric chemical composition includes carbon 


dioxide, nitrogen, argon, water vapor, and traces of oxygen, 
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if any. Formerly nitrogen was considered the dominant con= 
hacks Recent evaluations put carbon dioxide into the 
first place. 

That oxygen is practically absent in the Martian atmos- 
phere is certainly a life-limiting but not excluding factor. It 
is true Og is the "element of life” for most of the specimens 
of the plant and animal kingdom and formar’ because their 
_ energy production is based on oxidation (oxybiosis), But there 
is also a large group of bacteria (anaerobie bacteria) which does 
not need oxygen at all, or is even sensitive to it (anoxybiosis) ‘ 
Their metabolism is regulated by enzymes; these anaerobes * 
might feel at home on Mars. Anoxybiosis might be the "Martian 


way of life." But, if chlorophyl-bearing organisms should also 


tically and might store it in intercellular air spaces, similarly 


to those found in the leaves of terrestrial higher plants and 
within the structure of lichens and mosses. 
Photosynthesis requires carbon dioxide and water. “In + 


the earth's atmosphere the carbon dioxide pressure is 0.3 nm Haj 


on Mars it might be ten times as high. The polar ica caps are 
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are now assumed to be a mixture of dry ice and water ice. A 
higher carbon dioxide Goricasteation on Mars would be of advan~ 
tage for the growth of vegetation since carbon dioxide ina 
higher range up to 15 mm Hg. increases photosynthetic activity. 
Beyond 20 mm Hg. it has an inhibiting effect upon this process. 

Water, the other basic raw material for photosynthesis, 
has some fundamental functions for life; it serves as the diluent 
of salt and organic substances and as a chemical reactant in ' 
cellular metabolism, and has been the matrix medium for the 
origin and evolution of life on Proto-earth, In the. Martian 
atmosphere water vapor is extremely scarce. It amounts to’ 


only 1/1000ths of the average humidity of the terrestrial atmos- 


phere. But on earth there are a number of large deserts in which 


the air is just as dry, and yet botany knows of many so-called 
desert plants which are able to store inate in their tissues and 
have developed membranes to prevent evaporation. For plant 
life most important is the humidity of the soil. If the. barometric 
pressure is below 7.5 millibar, this is below the “triple point'’ 
of water, i.¢,, HzO can exist only in the state of vapor and ice. 


But in the lowlands of Mars the air pressure might be around 
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10-mb, in this case it could occur also in. the Mquid state in 
the soil, The so-called "wave of darkening" moving from pole 
to pole in spring is an alolion of cil moistening. 

However, most of the time extreme dryness prevails on 
the Martian surface. But we have on earth microorganisms that 
can survive long periods. of complete desiccation. From the 
point of view of hydroecology, life on Mars should be very 
Limited, but it is not impossible.’ 

The water problem is closely relents temperature; 
with this we come to the Mife-supporting energies~-first, 
thermal energy. The solar constant at the mean orbital dis- 
tance of Mars from the Sun is 0.86 cal om? min” . Ifwe 
allow 20% for absorption by the Martian atmosphere, then solar 


ence it ti 


thermal irradiance at the surface of Mars at noon might still be 


about 0.6 cal om”2min™?, Exposed to this heat influx, the sur- 


face of Mars can reach, maximally, in the afternoon a tempera~ 
ture of +25°C. The dark areas are some 5°G warmer. ‘During 
the night the temperature drops toa ~60°S, and lower, The ,” 


7 


mean temperature is about 15°C lower than that on earth. 


In general, than, the Martian surface temperature is 
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ecologically adequate in summer for about five hours each day, 
put all the other times it stays below the freezing point of water, 
a condition which appears particularly prohibitive to life, Active 
life processes in terrestrial biology cease around ~10°C and 
most organisms do not. survive. But-others enter a dormant 

state (hibernation), Morgover, there are bacteria that can 
survive a temperature close to absolute zero. We know also 

that terrestrial organisms have developed mechanisms to absorb 
more heat energy by accumulation of pigments, which makes them 
more tolerant to low temperatures. Protection against frost could 
be imagined ifthe Martian plants were able to produce some kind ~ 
of anti-freeze stich as glycerol as a metabolic by-product. In. 
fact, some of our terrestrial lichens contain erythrol, which 


: belongs to the same Class of chemicals as glycerol. Recently 


thas been found that certain bacteria survive when experiment- 
ally exposed to a diurnal freeze-thaw cycle, 

All this means that a biology on Mars during its cold nights 
turns always into cryobiology. However, locally there might be 
exceptions in the form of perma-warm spots on the surface Aine 


lar to those on earth, as for instance in Alaska, Wyoming, Iceland, 


Page 536 


Mars: Biological Aspect . 15 


and New Zealand. There is no reason in terms of plarietary 
analogy why similar perma-warm spots should not exist on 


Mars, possibly above dormant volcanos; they would not have 


the low night temperatures and, therefore, would have a 


higher ecological potential. Scanning the surface with heat 


: sensors by future automated Martian orbiters may answer 


this question, 

Light is the néxt, important ecological energy factor 
for life, But many microbes can get along without jt, as, 
demonstrated by those found in caves, pores of the soil, 
underground water, and in the deep sea. Chlorophyl~bearing 
plants, of course, require light energy for the photosynthetic 


buildup of organic matter. 


lies around 2,000 lux (lumen per square meter). Solar illumi- 


nance at the mean orbital distance of Mars amounts to 60,000 


lux. After penetration of the atmosphere at the surface of Mars 


it might still be in the order of 30,000 to 40,000 lux. There / 


Z 


should, therefore, be enough light daily for photosynthetic 


activity. ‘ Photoecologically the conditions on-Mars are well 
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within the range of photosynthetic requirements. 

The low density of a 10-millibar atmosphere, as indi- 
cated by the occultation experiment of Mariner IV, might not 
provide effective protection from harmful solar ultraviolet and 
xrrays, it is argued; but we must remember that solar irradiance 
at Mars' distance from the sun is less than half of that of the 
earth's solar distance. Furthermore, a Getain amount of these 
rays is certainly absorbed within the atmosphere. From bio~ 
logical research it is well-known that ultraviolet rays; particularly 
in the range from 2500 to 2800 Angstroem are indeed'very destruo- 
tive to most terrestrial microorganisms. For this reason these 
rays are used for sterilization of food and even of lunar and 
planetary landers to prevent contamination and back contamination. 

SE TETEaTe-vergc CEMIERT OF TOSISINGS To UNS VISIT 

due to protective membranes, ete. Moreover, certain micro- , 
organisms are even stimulated in growth when exposed to low 
intensity solar ultraviolet and x-rays. And, finally, it has been: 
observed that ‘microorganisins, planis, and animals are less 
susceptible to ionizing radiation under hypoxic and hypothermal 


conditions; this is particularly interesting with regard to Mars 
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with its oxygen-free and low temperature milieu. All in all, 
solar ultraviolet and x-radiation cannot be regarded as a life~ 
excluding factor a Mars, particularly in the somewhat protected 
microenvironments. 

Finally, energetic particle rays of solar and galactic 
origin are considered as possible adverse factors to life on 
Mars because they can reach its atmosphere unhindered by a 
magnetospheric shield, But because of the greater distance 
from the sun the influx of particle rays of solar origin is cer- 
tainly lower and the so-called microenvironment provided by 
caves, craters, and fissures might offer effective protection. 

In concluding this evaluation of thé Martian environment 


in terms of terrestrial ecology, I should like to emphasize that 


there are interrelations insofar as one factor can moderate the 


destructive effect of another, as in the example of radiation 
tolerance under hypothermal and —,, conditions: Further- 
jThore , a biosphere as. ‘such can change the physicochemical 
properties. of the atmosphere and of the soil, transforming the 


-latter into humus, which is mineralized decayed organic matter, 
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making the soil more fertile for vegetation. Considering all of 
these factors and their interrelations, plus the more moderate 
microclimate, plus the adaptive power of life, we must come to 
the conclusion that the prospects for life on the Martian surface 
are more in the realm of probability than of possibility. 

, This Scnotusion is also ‘supported by laboratory experi- 
ments: in which most of the Martian environmental conditions 
are simulated. A number of bacteria and even some lower 
plants not only survive but multiply and continue to grow jin’. 
such pars chambers. 

In.summary, most of the Mars researchers are in favor 
of the Martian Life Theory and a non-biological interpretation 
of the color of the dark blue areas does not exclude the 
possibility of life. 

Nevertheless, after Mariner IV sae ' pictures were 
released some doubt was raised. The most pessimistic argu- 
ment referred*to the dry, cratered surface of Mars with no 
visible niietee erosion, appearing more "Moonlike" than Barth~ 

é 


like. In this connection, I would like to discus’s briefly a 


somewhat forgotten theory closely related to the water problem 
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on the Martian surface. For this purpose we must take a deapsr 
look below the surface of Mars, and a deeper look into its 


pianetary history. 


The present-day Mars indeed makes the impression of a 
edaaacoins planet. Tt has lost its ancient oceans into space, 
which is the generally accepted theory. But.in 1910, A. Baumann, 
Zurich, suggestéd that the waters of Proto~Mars ate now frozen 
and covered with solidified dust. Along the same line, H. E, 
Suess, 1987, Chicago, stated that "substantial quantities of 
water may be buried under dust and never become volatile at 
the low temperature of parts of the planet.” This frozen-ocean 


theory has been revived recently by V. D. Davydov, Moscow. 


He theorized that there might be a subsurface ice layer $00 meters 


orcryosphere," water might be found even in the liquid state due 
to an increase of temperature in the interior of Mars. And when 
cracks .in the ice layer occur, caused by Marsquakes, water 
fay reach the*surface and produce localized giant clouds and : 


white streaks of fog, lasting several days, as have been described 


by P. Lowell and E. G. Slipher, Flagstafi. White spots glittering 
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like ice have been observed in the equatorial regions by 
Saheki, Tokyo. Moré probable than quakes of volcanic origin, 
impacts by giant metéorites of asteroidal origin could be con- 
sidered as causes of craters and cracks in the soil-covered 
frozen hydrosphere, or hydrocryosphere. 

This. assumption becomes even more. attractive if com- 
bined with another not so well-known hypothesis. In 1937, 
P. A. M, Dirac advanced the hypothesis that the gravitational 
constant has decreased during the life of the solar system and 
continues to decrease. This has led to an expansion of the 
earth, causing “tension cracks" or fissures on land and at the 
bottom of the oceans, ‘as recently described by R. H. Dicke 


and P. Jordan. The splitting of two giant original superconti- 


ago into several secondary continents, now widely separated 


by “continental drift," (A. Wegener) , is attributed to this 
gravitational phenomenon. 

It ig logical to assume that on Mars, too, this gravitational 
decrease has caused similar effects, namely volume expansion 


and.tension cracks. With this planetary expansion tendency in 
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the background, meteoritic impacts in addition to volcanic 
eruptions could have triggered fissures of tremendous lengths, 

_ particularly in a crust with an ice layer below. this threefold 
aiviednibental combination: subsurface ice layer, planetary 
volume expansion, and meteoritic impacts might well have been 
the mechanism behind the scene of the dark. spots called oases 
and the dark linear markings or canals which générally radiate 
from the dark spots over tremendous distances. 


The existence of a subsurface ice and water table on Mars 
would increase the humidity locally, i.e., in and around the 
meteoritic impact craters and in and along the fissures, making 


them ecologically more suitable for the growth of vegetation. 


Actually, it might be the soils humidity and vegetation that make 


astronomy, in the first place. And, last but not least, a subsur- 


face ice layer, or hydrocryosphere, on Mars would represent 4 
hidden reservoir for continuously replacing the small water vapor 
amount in its ‘atmosphere; without it, all of the water molecules 
might have disappeared into space in the course of millions of 


years. 
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Moreover, if there is a water layer below the ice layer, 


vhen in addition to the surface biosphere there could be a sub~ 


in 


urface nébitat for life, maybe based on chemosynthesis and 
preserved from primordial stages of evolution, After all -- if 
there should ke life on the Martian surface, this. would not be 
conceivable if there had not been open waters for its origin, 

By the way, from the point. of view of Mars Medicine, or 
bioastronautics, a subsurface ice layer or hydrocryosphere 
would represent a "gold mine," so to speak; logistically for 
a manned Marian expedition. 

All of this might be termed wishful thinking on the part 
of Astrobiology and Mars Medicine, especially in the light of 
the close-up pictures of Mariner IV. Their initial interpretation 

—= was that the "visible Martian surface 1s extremely old and that ——~—~—S~*S 
, neither a dense atmosphere nor oceans have been present on. the 


planet since the cratered surface was formed." 


But later evaluations of Mariner IV photographs considered 
the surface of Mars to be only abcut 300 to 400 million years. old, 
_ ead led to the statement that “the crater density on Mars. no longer 


precludes the possibility that liquid water and a denser atmosphere 
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were present on Mars during the first 3.5 billion years of its 


existence (2. Anders and ¥. R. Arnold). Thus, the ancient 

occan theory might be correct afterall; and it. might be that 

some 366 to $00 million years ago Mars, after it had lost most 

of its Water into space, entered a permanent ice age, and that 
the remaining frozen waters in the course of millions of years 
became covered by a deep layer of dust which became solidified 
and was bombarded by numerous asteroidal meteoroids , Starting 
with the disruption of Planet X, the matrix planet of the asteroids, 


some 306 million years ago. ‘This might be the face of Mars that 


we see today. 


Of interest concerning humidity are the hoarfrost-crowned 


craters in some of the Mariner IV pictures, and a white spot with 


casting a shadow below, I should like to mention that the promi- 


fent Mars axperts, Tombaugh and deVaucouleurs, definitely 

recognized in several pictures Mnear markings and oases which 

coincide with some known to them from telescopic observations. 
: As mentioned earlier, the reddish areas are assumed to be 


highlands, the continents of ancient times, The dark tegions, 
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than, ere the lowlands covering the low-level remnants of the 


iont and now frozen waters. It is only logical to assume 


thot the dark lovaands have a higher soil humidity due to the 
underground ice table and thus offer an ecologically more 
favcrable substratum for the existence of a Martian biosphere. 

But most of this is still speculation, What we neéd now 
is exploration on the spot. In the years ahead automated life- 
detecting devices will be sent to Mars for acquisition and 
analysis of soil samples. and to telemeter the data back to earth. 
But the final answer concerning a Martian biosphere ccight come 
from a manned expedition. Only Martionauts , protected by 


pressure suits, walking around outside the Mars station will 


ke able to select different surface areas and bring back samples 


able to. take a deep and close look at rock formations in fissures 
aad craters which might give us some information about the 


paleological evolution of life on Mars. 


ifthe answer is: No life on Mars and never has been -~ , 


tris would give the explorers a unique opportunity to study the 


chemistry of a virgin planet of the terrestrial group, Ifthe 


Gottstein Feta Ae, 
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answer is; Yes-~then we would be interested to know if 


: Martian life is similar to that on earth, based on carbon 
biology, or of a sompletely different kind unknown to us. 
Sut, whereas the assumption of extracarbonic life is at 
présent a matter of pure speculation,,tnere are strong indica~ 
tions for the possible existence of life of the terrestrial type 


suggested by the older and supported by the latest astro- 


nomical findings and their ecobiological evaluations. 


If some day this will be confirmed by future astronautical 
and astronomical efforts and the question of extraterrestrial 
life will be answered in a positive sense~-and the answer may 
well come firs from Mars--this will not be the news of the 
century, not the news of the millenium, it will be THE news of 
the recorded history of mankind. Moreover: if wall 7 a th : 
earth-related Cenozoicum, i,e., the recent geological era, into 


a universal spectrum--the Cosmozoicum, 
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